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Introduction 

In  the  past  most  research  in  silviculture  and  forest  management 
has  dealt  with  the  growth  of  stands  composed  of  various  forest  tree 
species  on  different  sites.  Through  permanent  sample  plots  we  have 
obtained  a  more  or  less  complete  knowledge  of  the  growth  of  stands, 
their  rate  of  production,  and  the  amount  of  products  that  can  be 
harvested  from  them  at  rotation  age.  Complete  information  has  been 
furnished  by  Miller  (21)  who  has  constructed  tables  for  four  to  six 
site  indices  for  beech  (Fagus  silvatica  L.),  oak  (Quercus  robur  L.),  and 
Norway  Spruce  (Picea  abies  Karst.)  in  Denmark.  These  give  for 
average  Danish  thinnings  the  relationship  between  age  and  total  height, 
current  annual  growth,  average  annual  cut,  basal  area,  volume  diameter 
breast  high  (d.b.h.),  and  number  of  trees  per  hectare.  These  tables 
give  a  complete  guide  for  management  of  stands  after  site  index  has 
been  determined. 

In  this  country  some  sample  plots  have  been  established  in  different 
forest  cover  types  giving  the  current  annual  growth  of  various  species. 
Since  no  standard  treatments  of  the  stands  have  been  determined, 
such  as  have  been  developed  through  more  than  a  hundred  years  of 
management  in  the  European  forests,  these  sample  plots  have  not 
given  any  accurate  directives  for  treatment  of  the  stands  to  obtain 
different  dimensions  in  certain  lengths  of  time. 

Although  it  may  be  possible  in  pure  stands  to  give  rather  specific 
directions  about  volume  to  be  removed  and  frequency  of  thinnings, 
Buch  as  has  been  done  in  Europe,  this  still  does  not  indicate  to  the 
forester  which  tree  he  should  select  for  cutting  and  which  tree  he 
should  leave.  Although  guides  are  extremely  helpful  in  predicting  the 
development  of  the  entire  stand,  they  do  not  help  the  forester  in  his 
choice  of  trees  when  marking  for  thinning.  In  this  country  where  many 
of  the  stands  are  mixtures  of  up  to  ten  or  fifteen  valuable  species,  an 
intimate  knowledge  ol  not  only  the  individual  species  but  also  of  the 
individual  tree  is  necessary.  Before  making  the  choice  of  cutting  <>i 
leaving  ;i  lice,  the  loicslci  should  know  what  will  happen  il  he  does 
One  O]   the  other,      lie  should  know  what   the  reaction  will   be  on  the  tier 

th.it  is  lefi  il  In  cuts  one,  two,  oi  three  trees  that  are  interfering  with 
its  crown  development.  Most  research  in  silviculture  and  forest  man 
meni  lias  not  helped  die  practicing  forestei  much  in  the  work  <>n 
which  he  spends  a  great  deal  ol  his  time  namely,  developing,  through 
some  form  <>l  cutting,  ili<  individual  trees  thai  form  the  Eoresl  stands. 
I  In  in^i  step  in  this  direction  came  more  than  a  hundred  years 
ago,    when    Reventlow,     (25),    studied    die    forms    ol    trees    throughout 


their  different  stages  of  development.  Reventlow  indicated  that 
European  beech  should  grow  up  in  partial  shade  and  in  fairly  dense 
stands  whereby  it  would  develop  a  certain  amount  of  clear  length. 
After  this  had  been  obtained,  the  tree  should  be  given  space  for  continued 
crown  expansion.  This  would  develop  a  deep  and  rounded  crown  and 
maintain  a  relatively  fast  diameter  growth.  These  thoughts,  however, 
were  forgotten  during  the  following  years  when  the  German  influence 
in  silviculture  and  forest  management  was  governing.  The  thoughts 
during  that  time  were  almost  entirely  focused  on  entire  stands  and  the 
production  per  area  unit.    The  individual  tree  was  forgotten. 

Not  until  Biolley  (1)  showed  interest  in  the  uneven-aged  and  mixed 
stands  managed  under  the  selection  system  did  the  development  of  the 
individual  tree  come  to  the  forefront.  Later  foresters  such  as  Mundt  (10) 
in  Denmark  expanded  on  the  work  of  Biolley  and  applied  the  selection 
system.  This  helped  re-establish  interest  in  the  individual  tree  instead 
of  more  or  less  pure  stands  of  beech.  Later  studies  by  Heck  (11), 
Busse  (5),  and  Macon  (18),  without  too  much  success  tried  to  relate 
various  crown  dimensions  with  diameter  growth.  The  interest  in  the 
growth  of  the  individual  tree,  however,  had  been  awakened. 

In  recent  studies  on  red  oak  (Quercus  borealis  Michx.)  and  white 
ash  (Fraxinus  americana  L.)  in  New  England  (13),  and  yellowpoplar 
(Liriodendron  tulipifera  L.)  in  West  Virginia  (14),  it  was  found  that 
a  highly  significant  relationship  existed  between  basal  area  growth  and 
various  crown  dimensions  such  as  crown  diameter,  crown  length,  and 
crown  surface.  It  also  was  shown  for  yellowpoplar  (14)  that  at  an  age 
of  100  years,  using  the  arbitrary  value  of  100  for  the  first  16-foot  log, 
the  second  log  has  a  value  of  59.5,  whereas  the  third  log  is  worth  only 
42.5  compared  to  the  value  of  the  first  leg.  Therefore,  it  was  recom- 
mended that  as  soon  as  the  first  two  16-foot  logs  were  included  in  the 
dead  length,  it  would  be  advantageous  to  maintain  as  much  live  crown 
on  the  trees  as  possible  to  encourage  fast  diameter  growth. 

In  line  with  these  recommendations,  the  question  arises,  What  J 
will  be  the  reaction  on  trees  that  have  been  released  in  various  degrees? 
Since  it  has  been  established  that  the  basal  area  growth  is  closer) 
related  to  the  size  of  the  crown,  it  will  be  of  interest  to  know  if  light 
releases  will  have  different  effects  on  the  trees  than  more  or  less 
complete  release.  If  the  latter  is  possible,  it  would  be  feasible,  by  heavy1 
thinnings,  to  create  good  growing  conditions  for  the  remaining  trees  i 
through  a  profitable  operation  and  thereby  make  thinnings  in  more  or 
less  inaccessible  areas  that  have  been  neglected  because  thinning, 
operations,  according  to  conventional  methods,  could  not  be  made  at| 
a  profit  because  of  the  small  volume  removed  in  each  cutting. 
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Purpose  of  Experiment 


Since  the  amount  of  material  removed  in  each  thinning  is  closely 
related  to  the  economics  of  such  an  operation,  and  since  the  forester 
marking  for  thinning  is  constantly  confronted  with  the  question  of 
how  much  crop  trees  should  be  released,  this  experiment  was  established 
to  study  the  reaction  of  various  degrees  of  release  on  individual,  remain- 
ing trees. 

By  releasing  the  crowns  of  dominant,  codominant,  and  intermediate 
trees  in  various  degrees  at  times  both  before  and  during  the  growing 
season,  it  was  hoped  to  furnish  practicing  foresters  with  answers  that 
would  help  them  in  their  timber  management  work.  In  this  country, 
where  cuttings  take  place  throughout  the  year,  it  may  be  expected  that 
released  trees  might  react  differently,  depending  on  the  season  in  which 
the  release  occurs.  To  investigate  this,  it  was  decided  to  release  some 
of  the  sample  trees  during  the  dormant  season  and  others  during  the 
growing  season.  It  may  be  expected  that  if  the  crown  of  a  tree  receives 
a  more  or  less  complete  release  during  the  growing  season,  many  of 
the  shade  leaves  on  the  lower  part  of  the  crown  or  in  other  shaded 
places  might  be  damaged  by  the  sudden  increase  in  light  intensity  and 
thereby  cause  a  reduction  in  growth.  Because  of  this,  it  was  decided 
to  investigate  the  cell  structure  from  week  to  week  during  the  beginning 
of  the  growing  season.  The  summer  release  was  not  to  be  made  until 
the  cell  structure  of  the  leaves  had  become  fixed. 

Earlier  Studies  and  Related  Investigations 

Most  European  foresters  have  advocated  that  thinnings  should  be 
light  and  made  frequently  since,  otherwise,  the  remaining  trees  will 
receive  ;i  sho<k  that  will  retard  their  growth  for  some  years.  Although 
this  theor)  has  been  employed  as  a  standard  operating  procedure  in 
European  forestry,  ii  docs  not  seem  to  have  been  based  on  investigations. 
Few  references  in  the  literature  can  be  found  relating  to  ibis  shock 
uffeel  aftei  heav)  thinnings,  funcker  (16)  slated  thai  "it  is  important 
to  make  the  shock  of  liberation  as  small  as  possible  on  the  standing  trees 
so  thai  they  will  lib  m  the  space  immediately."  In  other  cases  where 
the  shot  k  reaction  has  been  mentioned,  special  reference  has  been 
made  to  particulai  soil  types.  Foi  example  Boinebnsch  (.-'>)  stated 
thai  "too  sudden  and  severe  release  in  foresl  stands,  particularly  on 
heav)  ;iikI  inoisi  clay  soils,  may  have  damaging  effeel  which  will  show 
n|>  ;is  diving  oui  ol  the  uppei  crown.  In  such  cases  the  heavy  thinning 
will    (;iiisi     the    height    growth    to    slow     up."      This    same    phenomenon 


has  been  observed  in  this  country  by  Jensen  and  MacAloney  (15). 
They  stated  that  "during  the  second  growing  season  after  about  half 
of  the  volume  of  a  yellow  birch  and  paper  birch  stand  was  removed, 
decadence  became  evident  in  the  tops  of  yellow  birch.  Water  sprouts 
were  noted  on  almost  half  the  yellow  birch  in  the  treated  area.  .  .  In 
spite  of  indications  of  decadence  following  logging,  a  cutting  of  this 
type  stimulated  the  growth  rate  of  residual  yellow  birch  over  the 
15-year  period  following  cutting.  .  .  At  the  end  of  the  15-year  period,  the 
water  sprouts  along  the  lower  part  of  the  bole  had  disappeared  and 
those  near  the  original  crown  had  developed  into  a  part  of  the  new 
crown." 

In  contrast  to  this,  Wadsworth  (27)  described  the  reaction  of  ! 
suppressed  and  intermediate  ponderosa  pine  (Pinus  ponderosa  Laws.) 
that  received  complete  release  from  competition.  He  stated  that  "the 
effect  of  release  upon  diameter  growth  was  pronounced."  The  trees  j 
that  were  released  completely  grew  an  average  of  2.2  inches  on  diametei 
breast  high  during  the  ten  years  following  release,  compared  to  .6  inches 
during  the  decade  before  release. 

Through  recent  work  on  red  oak  and  white  ash  in  New  England 
(13)  and  yellowpoplar  in  West  Virginia  (14),  determinations  were 
made  on  the  effect  of  different  crown  dimensions  on  basal  area  growth. 
These  studies  also  have  shown  the  development  from  sapling  to  mature 
size  of  the  individual  tree  that  will  produce  the  greatest  amount  of 
clear  wood  outside  the  knotty  core  in  the  most  economical  way.  The 
measurements  were  taken  on  trees  of  different  sizes.  This  indicates 
that  such  development  is  possible  if  the  trees  are  given  adequate  space. 
In  order  to  obtain  accurate  results,  however,  it  will  be  necessary  to 
measure  the  development  of  the  individual  tree  and  its  reaction  to 
different  amounts  of  crown  release  rather  than  to  make  comparisons 
between  different  trees.  Such  studies  have  not  been  made,  probably 
because  it  would  be  necessary  to  have  very  accurate  measuring  devices 
or  to  wait  for  several  years  before  measurements  could  be  taken  with 
conventional  instruments. 

Through  the  introduction  of  micrometer  measurements  of  radial 
growth,  as  brought  out  by  Reineke  (24),  Daubenmire  (7),  and  Brown, 
Rose,  and  Spurr  (4),  it  is  now  possible  to  measure  radial  growth  of 
trees  with  an  accuracy  of  .001  inch.  A  micro-dendrometer  has  been 
fashioned  by  attaching  a  micrometer  permanently  to  a  block  of  hard 
wood  to  which  also  is  fastened  a  metal  plate  with  a  glass  covering. 
The  metal  plate  is  framed  along  part  of  the  edge  with  a  metal  shield. 
A  standard  dial  gauge  micrometer,  manufactured  by  the  B.  C.  Ames 
Company  of  Waltham,   Massachusetts,   or  by  L.   S.   Starrett   Company. 
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Athol,  Massachusetts,  is  used.  The  spindle  of  the  micrometer  is  placed 
perpendicularly  to  the  glass  plate.  On  the  trees  to  be  investigated, 
three  round-headed  brass  screws  about  three  inches  long  are  screwed 
through  the  bark  into  the  wood,  so  that  they  are  well  anchored  in  the 
wood.  The  position  of  the  screws  is  such  that  the  line  between 
the  upper  two  is  horizontal.  The  distance  between  these  two  screws 
is  a  little  less  than  the  width  of  the  glass  plate  of  the  micro-dendrometer. 
All  screws  are  placed  perpendicularly  to  the  surface  of  the  tree  so  they 
will  form  continuations  of  radii.  The  third  screw  is  between  the  upper 
two  screws  and  approximately  three  inches  below  the  line  between 
them.  The  micro-dendrometer  is  placed  so  that  the  upper  screws  rest 
on  the  glass  plate  against  the  frame  shielding  the  upper  edge  of  the 
glass  plate,  and  in  such  a  way  that  one  of  the  upper  screws  hits  the 
corner  of  the  shield.  The  spindle  will  then  touch  the  bark  in  the 
same  place  each  time  measurements  are  taken.  This  can  be  seen  in 
Figures  1,  2,  and  3.  On  this  particular  place,  the  bark  is  smoothed 
down,  and  a  small  glass  plate  3^  by  34  bach  is  glued  to  the  bark.  The 
screws  will  keep  their  position  because  the  tree  will  grow  out  over  them, 
but  the  glass  plate  will  change  its  position  relative  to  the  heads  of  the 
screws,  for  it  will  move  with  the  bark.     Therefore,   by  means  of  the 
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Figl'ri    I .     Micro-dcndromcter  on  check  board. 


Figure  2.  Micro-dendrometer  on  check  board. 


Figure  3.    Micro-dendrometer  on  tree  station. 
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micro-dendrometer  it  is  possible  to  measure  the  difference  in  position 
between  the  glass  plate  and  the  heads  of  the  screws. 

Since  only  one  instrument  is  necessary  to  take  numerous  measure- 
ments, and  since  it  is  possible  to  have  as  many  stations  on  the  individual 
tree  as  the  diameter  will  allow,  this  instrument  is  extremely  important 
in  silvicultural  research.  Measurements  can  be  made  rapidly  with  an 
accuracy  of  .001  inch.  In  the  present  experiment,  with  one  man  taking 
the  measurements  and  one  man  recording,  it  was  possible  to  average 
150  measurements  per  hour. 

Stephens  and  Spurr  (26)  used  a  micro-dendrometer  to  investigate 
the  daily  growth  before  and  after  crown  release  in  red  pine  (Pinus 
resinosa  Sol.).  They  found  that  an  increased  rate  of  growth  could  be 
observed  within  twenty-four  hours  after  the  trees  were  released.  By 
measuring  trees  on  which  dendrometer  stations  were  established  both 
morning  and  evening,  these  investigators  found  the  daily  variation  in 
the  radial  dimensions  of  trees.  The  radial  growth  curve  has  a  saw- 
toothed  shape,  since  the  trees  expand  at  night  but  contract  during  the 
day.  The  difference  between  the  expansion  and  the  contraction  con- 
stitutes the  daily  growth.  In  that  experiment,  however,  no  measurements 
were  taken  regarding  the  extent  to  which  the  remaining  trees  were 
released. 


Establishment  of  Experiment 


The  experimental  area  used  was  situated  on  a  farm  woods  owned 
by  West  Virginia  University.  The  area,  about  forty  acres,  is  approxi- 
mately two  miles  north  of  Morgantown,  West  Virginia,  on  latitude 
19  degrees  40  minutes  north,  and  longitude  79  degrees  56  minutes  west. 
I  he  forest  (over  type  is  generally  yellowpoplar-white  oak-red  oak  (10). 
I  Ik   yellow-poplar  is  predominating  in  many  places. 

Yellowpoplar  was  chosen  lor  this  investigation  because  this  species 
is  fairly  intolerant,  and  therefore  is  rather  sensitive  to  sudden  changes 
in  light  intensity.  Furthermore,  yellowpoplar  is  one  ol  the  most 
importanl  timbci  species  in  the  Appalachian  region.  Large  areas  ol 
almost  pine  stands  ol  even-aged  yellowpoplai  <>l  high  density  are  found 
throughout  the  Appalachian  region.  These  stands  are  in  greal  need 
'•I  thinning,  even  to  the  extent  that  many  have  completely  stagnated. 
Since  many  ol  them  are  situated  in  rathei  inaccessible  places,  however, 
they  cannot  be  thinned  profitably  unless  a  considerable  volume  is 
remo\ ed  in  ea<  li  cutting. 

l)uiing  [anuary  and  February,  1949,  the  trees  i<>  he  used  in  the 
experiment   were  selected.      I  he\   ranged  in  diametei    breast   high   from 


6.4  inches  to  26.1  inches.  To  investigate  the  influence  of  release  on  as 
wide  a  range  of  conditions  as  possible,  intermediate,  codominant,  and 
dominant  trees  were  selected.  The  trees  were  numbered.  A  letter 
was  assigned  to  each  tree  to  indicate  whether  it  was  to  be  a  control  tree 
or  to  be  released.  A  total  of  193  trees  was  selected  for  the  experiment, 
and  51  were  designated  as  controls.  Of  the  193  trees,  50  were  of  the 
dominant  crown  class,  whereas  119  were  codominant,  and  24  were  inter- 
mediate. The  composition  of  the  stand  made  it  impossible  to  include 
more  intermediate  trees  in  the  experiment. 

Dendrometer  stations  were  established  on  all  the  trees  to  be  used 
in  the  experiment.  On  each  of  the  control  trees,  stations  were  placed 
in  such  a  way  that  they  faced  the  cardinal  compass  directions.  On  the 
first  control  tree  the  station  faced  north,  the  second  east,  third 
south,  fourth  west.  On  the  trees  to  be  released  there  were  established 
from  two  to  five  stations.  These  were  placed  so  that  if  the  tree  were  to 
be  released  from  one  side  by  the  removal  of  a  neighboring  tree,  a 
station  was  placed  facing  this  tree  and  another  one  was  placed  on  the 
diametrically  opposite  side.  If  the  tree  was  to  be  released  by  the 
removal  of  several  surrounding  trees,  stations  were  placed  so  that  they 
laced  all  released  sides.  In  addition,  one  station  was  placed  on  a 
neutral  side. 

The  dendrometer  stations  were  established,  as  earlier  described, 
in  conformity  with  the  findings  of  Brown,  Rose,  and  Spurr  (4) .  The 
micro-dendrometer  used  in  this  experiment  varied  from  the  one  men- 
tioned by  these  research  workers  in  that  the  wooden  block  that  holds 
the  micrometer  was  extended  about  an  inch.  Thus  the  spindle  was  re- 
moved the  same  distance  from  the  metal  shield.  This  was  done  so 
that  the  spindle  could  be  placed  farther  away  from  the  screws  and 
thereby  prevent  possible  callus  formation  around  the  screws  from 
influencing  the  measurements.  By  trial  it  was  found  that  a  rubber 
compound  cement  was  the  best  lasting  glue  to  keep  the  glass  plates  on 
the  trees  in  position  during  the  entire  growing  season.  The  glass 
plates,  on  which  the  spindle  of  the  micrometer  rests,  were  placed 
4y2  feet  above  the  ground  representing  measuring  height.  At  the 
same  time,  the  diameter  breast  high  of  the  sample  trees  was  measured 
with  a  diameter  tape  to  the  nearest  tenth  of  an  inch. 

No  thinnings  or  cuttings  had  been  made  during  the  eight  previous 
years  in  the  vicinity  of  the  sample  trees  at  the  time  the  experiment 
was  started,  and  no  release  of  the  sample  trees  was  made  during  the 
1949  growing  season.  Therefore,  the  growth  factors  would  be  somewhat 
similar  to  what  they  had  been  during  the  years  previous  to  the 
establishment  of  the  experiment. 
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Procedure 

A.     Measurements  of  Sample  Trees 

The  measurements  of  radial  growth  of  the  yellowpoplar  trees  were 
first  taken  on  April  30,  1949,  when  the  buds  started  to  swell  and  some 
bud  scales  had  begun  to  open.  The  measurements  were  taken  each 
Saturday  morning  between  8:30  and  11  o'clock.  The  trees  were 
examined  in  the  same  sequence  so  that  each  dendrometer  station  was 
measured  at  about  the  same  time  of  day.  Each  morning  before  the  micro- 
dendrometer  was  used,  the  reading  was  checked  against  a  station 
established  on  a  well-dried  board  kept  in  the  office.  At  the  end  of 
each  series  of  measurements,  the  micro-dendrometer  was  again  checked 
to  see  if  any  changes  had  occurred  in  the  adjustment  of  the  instrument. 
The  measurements  of  each  station  were  recorded  with  an  accuracy  of 
five  ten-thousandths  of  an  inch  on  a  prepared  sheet,  as  shown  in 
Figure  4.  By  the  end  of  September  no  more  growth  was  recorded 
on  any  of  the  dendrometer  stations.  The  measurements  were  dis- 
continued until  the  following  spring. 

During  the  winter  of  1949-50,  all  of  the  dendrometer  stations  used 
for  the  previous  summer's  work  were  examined.  In  some  instances 
callus  formation  had  developed  around  the  screws.  Since  it  was  feared 
that  this  formation  might  continue  during  the  following  growing 
season,  and  thereby  influence  the  growth  under  the  glass  plate,  it  was 
deemed  advisable  to  move  the  stations.  To  compensate  for  any  error, 
every  other  station  was  moved  up  six  inches  and  the  others  were 
moved  down  six  inches.  Later  analyses  showed  that  this  movement  of 
stations  had  no  significance  in  recording  radial  growth.  At  the  end  of  the 
experiment  it  also  was  found  that  the  fear  of  the  callus  formation 
influencing  the  growth  under  the  glass  plate  was  not  justified.  By 
the  end  ol  the  second  growing  season  ii  was  noticed  that  the  callus 
from  the  screw  holes  did  not  extend  more  than  one-half  inch  out  from 
these.  Since  the  glass  plate  never  was  closer  th;m  one  and  one-hall 
inches  to  an\  ol  the  screws,  the  callus  formation  could  riot  have 
influenced  the  position  ol  the  glass  plate. 

Comprehensive  measurements  ol  all  the  193  sample  trees  were 
taken  during  the  dormant  season.  Total  height,  cleat  length,  and 
dead  length  were  measured  to  the  nearest  Foot  with  an  ,\l)ii<\  level. 
CI', ii  length  was  defined  as  the  height  from  the  ground  to  the  first 
dead  branch,  whereas  dead  length  was  determined  ;is  the  height  from 
the  ground  to  the  fnsi  live  branch.  Crown  length  was  measured  from 
die  top  ol  the  tree  to  the  level  ol  the  widest  part  ol  the  crown,  or  to 
the  branch  tips  ol  the  lowest  li\<    branches.     II  the  crown  was  Irregular, 
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Figure  4.    Field  recording  sheet  for  weekly  measurements. 

an  average  value  was  determined.  Diameter  breast  high  was  measured 
to  a  tenth  of  an  inch  with  a  diameter  tape.  To  calculate  the  average 
crown  diameter,  the  crown  projection  was  mapped.  This  was  done 
by  placing  a  plane  table  inside  the  crown  projection.  An  alidade  was 
fashioned  from  an  engineer's  scale  to  which  a  small  metal  piece  with 
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an  eye  at  the  zero  point  was  attached.  This  scale  was  fastened  to  the 
plane  table.  It  was  used  to  sight  along,  and  at  the  same  time  offset, 
the  measured  dimensions.  A  steel  tape  was  fastened  on  the  ground 
exactly  below  the  zero  point  of  the  alidade.  By  following  the  outline 
of  the  crown  and  calling  off  the  distances,  it  was  possible  to  draw  in  the 
crown  projection  directly  on  the  plane  table.  Besides  projecting  the 
crown  of  the  sample  tree,  all  neighboring  tree  crowns  touching  or 
interfering  with  the  crown  of  the  sample  tree  were  projected  and 
drawn  in  on  the  sketch.  This  can  be  seen  in  Figure  5.  With  an 
Abney  level  the  heights  of  interference  of  all  neighboring  crowns  were 
recorded.  By  converting  the  area  of  the  crown  projection  to  a  circle 
with  the  same  area,  the  average  crown  diameter  was  determined. 
By  means  of  the  formula  for  the  surface  of  a  paraboloid: 

A     =     kt      (4/?2  -f  r2)3/2  -  r3  (A) 

o¥2 

where  r  is  equal  to  half  the  crown  diameter  and  h  is  equal  to  the  crown 
length,  the  surface  of  the  crown  was  calculated. 

The  surface  of  interference  was  determined  by  the  formula  for 
the  parabola: 

A  2/3 ab  (B) 

where  a  was  the  height  of  interference  and  b  was  the  projected  extent 
of  interference  between  the  two  crowns. 

According  to  the  outline  of  the  project,  it  was  planned  to  release 
half  ol  the  sample  trees,  except  the  51  control  trees,  during  the  dormant 
season.  The  other  half  were  to  be  released  during  the  growing  season. 
The  plan  also  called  for  releasing  the  trees  according  to  the  circum- 
ference ol  the  crown  by  quarters.  From  the  crown  projection  of  the 
sample  trees  and  then  neighbor  trees,  it  was  determined  in  the  ollice 
which  trees  should  be  cui  in  order  to  give  them  the  prescribed  amount 
•)l  release.  The  cutting  for  the  release  was  completed  dining  March, 
1950. 

The  measurements  were  started  on  April  2!),   1950,  when  the  buds 
i.n  ted  to  break. 

I  he  second  release  took  place  during  the  third  and  fourth  weeks  in 
June,  oi  dining  the  eighth  week  ol  the  giowing  season. 

B.     Determination  of  thi    Timi    \i   Which  Lighi    vnd  Shade   Leaves 

\ki  For  mi  d 

As  soon  ;is  the  leaves  opened  aftei  the  growing  season  started, 
leaves  from   exposed   and   shad)    positions   were  collected.     Slides   were 
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Figure  5.    Projections  of  crowns  of  sample  tree  and  neighboring  trees. 

prepared  from  these  leaves  to  determine  the  development  of  the  cells, 
particularly  the  palisade  cells.  During  the  first  week  in  May  the 
cell  structure  of  light  and  shade  leaves  was  the  same.  The  first  indica- 
tion of  a  difference  between  the  two  kinds  of  leaves  showed  up  in 
the  latter  part  of  May,  or  during  the  third  and  fourth  weeks  after  the 
growing  season  started.  It  can  be  assumed  that  during  the  first  weeks 
the  cell  construction  is  about  the  same  on  all  the  leaves,  since  the  leaf 
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cover  is  still  light  and,  therefore,  will  not  create  too  much  shade  on 
the  lower  placed  leaves.  Later,  when  the  shade  on  the  lower  leaves 
becomes  denser,  the  differentiation  between  light  and  shade  leaves 
takes  place.  During  the  fourth  week  of  the  growing  season,  palisade 
cells  appeared  on  the  light  leaves.  In  the  beginning  only  one  layer 
of  palisade  cells  was  present,  but  at  the  beginning  of  June,  or  after 
the  leaves  had  been  out  for  about  five  weeks,  a  second  layer  of  palisade 
cells  showed  up.  By  the  middle  of  June  no  further  change  in  the 
cell  structure  took  place  on  either  the  light  or  the  shade  trees.  To  be 
sure  that  no  more  change  took  place  in  cell  structure  in  the  leaves, 
the  release  of  the  rest  of  the  trees  was  delayed  until  the  latter  part  of 
June,  or  after  the  seventh  week  of  the  growing  season  had  been 
completed. 

In  conjunction  with  the  release  of  trees,  the  question  arises  as  to 
when  the  foundation  of  the  leaf  structure  is  determined.  This  has 
been  mentioned  by  research  workers  in  plant  physiologly.  Eames  and 
MacDaniels  (8)  stated  that  "the  number  of  palisade  layers  and  the 
density  of  the  cell  structure  depends  largely,  either  directly  or  indirectly, 
upon  the  light  intensity."  Clements  (6)  suggested  that  "palisade  cells 
are  usually  converted  into  sponge  cells  in  the  shade  and  sponge  cells 
into  palisade  cells  in  the  sun."  Furthermore,  Clements  stated  that 
sun  species  transferred  to  the  shade  usually  change  much  or  all  of 
their  palisade  tissue  into  sponge."  The  foregoing  authors  do  not  state 
if  the  cell  structure  of  the  leaves  is  already  determined  in  the  bud 
formed  the  previous  growing  season,  or  if  the  change  takes  place  after 
the  new  leaves  come  out.  This  question  is  brought  out  by  Miiller  (23) 
who  stated  on  page  212  (translated  from  Danish):  "As  far  as  trees 
and  bushes  are  concerned,  the  formation  of  shade  and  light  leaves 
depends  on  the  lighl  intensity,  to  which  the  branch  is  exposed  during 
iIm   yeai  the  bud  is  formed." 

Since  this  question  would  be  of  importance  in  explaining  any 
slimk  reaction  ol  die  trees  dining  the  first  year  of  growth  alter  a 
Im.iw  release,  ii  was  decided  to  investigate  this  mailer  further.     Dming 

the  I'M')  glowing  season  a  group  ol  yellowpoplar  reproduction  (about 
foui  feel  high)  was  located.  I  he  trees  in  this  group  grew  in  dense 
shade.  This  had  caused  theii  height  growth  to  be  retarded  so  that 
the  average  was  about  foui  to  five  inches.  Leal  samples  were  collected 
from  these  trees,  and  examination  showed  dial  all  die  leaves  had  only 
ponge  (ells  and  no  palisade  cells.  Dining  the  wintei  ol  1949-50,  Eoui 
•>l  these  trees  were  transplanted  to  an  open  area  in  the  vicinity  with 
die  same  general  exposure  and  site.  Leaves  were  collected  dining  the 
iiimmei   ol    1950  from   these  |>lanis  and   from   the  trees  thai    remained 
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in  the  shade  on  the  same  area  from  which  the  first  plants  had  been 
taken.  Figures  6  and  7  show  the  cell  structure  of  these  leaves.  It  is 
evident  that  no  palisade  cells  are  present  in  Figure  6,  which  shows 
a  typical  leaf  from  the  trees  that  remained  in  the  shade.  Figure  7 
shows  a  typical  leaf  from  the  trees  transplanted  from  the  shade  during 
the  winter  into  an  open  space.  All  leaves  collected  from  these  trans- 
planted trees  showed  the  same  cell  structure.  Therefore,  it  seems  that 
the  leaf  structure  is  not  determined  by  the  "light  intensity  to  which 
the  branch  is  exposed  during  the  year  the  bud  is  formed"  as  stated 
by  Miiller  (23) ,  but  is  determined  by  the  light  intensity  under  which 
the  new  leaf  opens  during  the  first  seven  weeks  of  the  growing  season. 

C.     Preparation  of  Growth  Data 

As  soon  as  the  growth  data  from  the  dendrometer  stations  were 
obtained  from  the  field,  these  figures  were  transferred  to  the  forms 
shown  in  Figures  8,  9,  and  10.  Under  "Corrected  Measurements" 
were  placed  the  readings  obtained  with  the  micro-dendrometer  after 
they  were  corrected  for  the  differences  that  occurred  while  checking  the 
instrument  before  using  it  on  each  day  of  measurement.  The  figure 
listed  above  this  column  is  a  new  base  figure  that  was  used  after 
July  15  when  an  adjustment  was  made  on  the  instrument.  The  next 
two  columns  are  self-explanatory.  These  three  columns  were  fdled  out 
for  each  measuring  station  on  each  tree.  On  tree  No.  112,  the  crown 
projection  of  which  is  shown,  there  were  two  stations.  The  accumu- 
lated diameter  growth  was  averaged  and  used  in  Figure  10,  which 
gives  the  data  for  the  tree.  On  the  basis  of  diameter  breast  high 
measurement  that  was  made  before  the  growing  season  started,  the 
diameter  dimension  for  each  week  of  the  growing  season  was  recorded. 
These  measurements  were  made  to  .01  inch.  Basal  area  tables  to  .01 
inch  (Appendix)  were  constructed.  From  these  the  basal  area  was 
found.  The  last  column  gives  the  accumulated  basal  area  growth  in 
square  feet. 

Basal  area  growth  is  used  in  all  discussions  about  growth,  since  it 
was  found  (13)  that  this  unit  has  a  closer  relationship  to  crown 
development  than  does  straight  diameter  growth.  Figure  1 1  sho 
the  relationship  between  crown  surface  in  square  feet  and  basal  are 
growth  for  1949  in  square  feet  for  193  yellowpoplar  trees.  The  correla- 
tion index  for  this  curve  is  .966,  which  is  considered  highly  significant. 
This  checks  very  well  with  the  relationship  found  in  an  earlier  study 
for  red  oak  and  white  ash  (13),  in  which  the  relationship  between  crown 
surface  and  last  ten  years  basal  growth  was  used. 
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Figure  6.    Microscopic  cross  section  of  shade  leaf. 
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Figur]   7.     Microscopic  cross  section  ol  lighi  leaf. 
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Calculation    sheet    for    individual    station     (Tree    No.    112, 
Station  A). 
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Tree  Siuriber     112         Species     Yellowpoplar     D.B.H.   Oct.    '50  20.6 

May     '50  19..9 

Station:  A  &  B Diam.   Growth       .7 

V 29/50  Check  Meas:  .2705 
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Figure  10.     Calculation  sheet  for  average  values  of  all  stations. 

Observations  Made  During  the  Experiment 

A.     Differences  in  Radial  Growth  on  the  Individual  Trees  During 
First  Week  of  the  Growing  Season 

On  May  7,  1949,  when  the  measurements  at  the  end  of  the  first 
week  of  the  growing  season  were  taken,  it  was  noted  that  some  of  the 
trees  showed  no  growth  on  one  station,  whereas  another  station  on  the 
same  tree  would  have  grown  as  much  as  .0025  inch. 

Measurements  from  18  trees,  each  of  which  had  four  dendrometer 
stations  placed  in  the  cardinal  compass  directions,  showed  the  following 
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Figure  11.     Relationship  between  crown  surface  and  basal  area  growth 

for  193  trees. 

average  growth  in  inches  by  the  end  of  the  first  week  of  the  growing- 
season: 

North  South  East  West 

.00219  .00325  .00228  .00247 
From  these  measurements  it  can  be  seen  that  the  south  side  of  the 
trees  grew  considerably  faster  than  any  other  side.  After  the  south 
side  in  rate  of  growth  comes  the  west  side,  and  then  the  east  and  north 
sides.  This  seems  logical,  because  the  south  side  will  be  warmest,  after 
which  the  west  side  will  receive  more  heat  than  the  east  or  the  north  sides. 

i'..      1  kind  oi    Basal  Aria  GROWTH 

I  lie  maximum  growth  ol  basal  area  begins  ;ii  the  end  of  the  sixth 
week  ol  the  glowing  season,  or  about  [une  10,  as  can  be  seen  in  Figures 
12  and  13.  Tin's  maximum  growth  continues  until  about  the  thirteenth 
week,  oi  [uly  29.  On  some  trees  growth  is  completely  stopped  by  the 
fifteenth  week,  or  August   12,  but  othei  trees  will  continue  i<>  grow  until 

nineteenth  week,  oi  Septembei  9.  The  end  ol  radial  growth  ;n 
these  dates  came  weeks  before  the  leaves  turned  yellow  and  long  before 
any  critical  temperatures  occurred  during  the  night.  This  did  not 
happen  until   hue  October.      I  his  occurrence  has  been   investigated  by 
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Figure  12.    Basal  area  growth  during  1949  season  for  Tree  No.  112. 
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Figure  13.    Basal  area  growth  during  1949  season  for  Tree  No.  12 
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Kramer  (17).  He  finds  that  "for  certain  species  the  time  at  which 
dormancy  begins  and  ends  is  closely  related  to  the  length  of  the  day. 
The  shortening  days  of  late  summer  may  bring  about  the  cessation  of 
growth  in  some  of  the  more  sensitive  species  considerably  before  it 
would  be  stopped  by  decreasing  temperature."  Kramer  also  points  out 
that  "among  species  investigated  were  yellowpoplar  which  would  grow 
continuously  in  greenhouse  if  supplied  continuous  light.  If  no  addi- 
tional light  was  supplied,  the  growth  would  stop  at  the  same  time  inside 
and  outside  greenhouse." 

In  order  to  investigate  this  further,  the  weekly  basal  area  growth 
for  all  the  sample  trees  was  examined.  There  were  186  trees  since 
seven  trees  were  excluded  from  the  experiment  because  they  had  been 
damaged  when  a  new  road  was  constructed.  The  trees  were  divided 
into  three  groups:  (1)  trees  that  were  released  during  the  winter  between 
I  he  two  growing  seasons  investigated,  (2)  trees  that  were  released  during 
the  last  week  in  June,  1950,  and  (3)  the  control  trees.  Figure  14  shows 
the  weekly  growth  of  these  three  classifications.  It  is  evident  that  the 
growth  already  falls  off  after  the  thirteenth  week,  or  about  July  29.  A 
pronounced  reduction  in  growth  takes  place  on  August  12,  or  at  the 
end  of  the  fifteenth  week.     This  culmination  of  growth  occurs  in  all 
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three  groups  of  trees  at  about  the  same  time,  although  the  released 
trees,  even  in  this  period  of  declining  basal  area  growth,  will  produce 
more  growth. 


C.     Influence  of  Precipitation  on  Weekly  Basal  Area  Growth 

A  comparison  of  the  curve  for  basal  area  growth  of  51  control  trees 
during  the  1950  growing  season  with  the  growth  during  1949  (Figure  14), 
showed  that  the  average  value  for  each  week's  growth  generally  was 
higher  during  1950.  Since  the  1950  growing  season  was  wetter  than 
the  1949  growing  season,  it  was  considered  of  interest  to  investigate 
how  precipitation  during  each  week  of  the  growing  season  would 
influence  the  basal  area  growth.  Figures  15  and  16  show  the  current 
average  weekly  growth  of  basal  area  of  51  control  trees  during  the 
1949  and  1950  growing  seasons.  These  figures  also  show  the  weekly 
precipitations  for  the  same  period.  Although  the  two  curves  show  some 
similarity,  the  tendency  seems  to  be  that  the  effect  of  precipitation 
often  does  not  register  on  the  growth  until  the  following  week.  The 
delay  in  reaction  is  particularly  apparent  when  the  heavy  precipitation 
occurred  a  day  or  two  before  the  micro-dendrometer  measurements 
were  taken.  In  such  cases,  the  beneficial  effect  of  the  precipitation  was 
carried  over  into  the  following  week. 
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Figure   15.     Current  average  weekly  basal  growth  of  51    control   trees 
related  to  weekly  precipitation  during  1949. 
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Figure  16.     Current  weekly  basal  area  growth  of  51  control  trees  related 
to  weekly  precipitation  during  1950. 
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FiGUR]    17.     Relationship  between  conversion  factoi    Eor  l>;is;il  area  and 
differences  in  weekh  precipitation  between   1949  and   1950. 


27 


In  order  to  investigate  this  further,  the  conversion  factor  for  basal 
area  growth  between  the  two  seasons  has  been  plotted,  along  with  the 
differences  in  weekly  precipitation  between  1949  and  1950.  This  is 
shown  in  Figure  17.  The  conversion  factor  for  basal  area  growth  is 
determined  by  the  formula: 

Basal  area  growth  for  1949  -  Basal  area  growth  for  1950  (C) 

Basal  area  growth  for  1950 

These  curves  show  a  great  similarity  up  until  the  fourteenth  week  of 
the  growing  season.  After  this  time  the  basal  area  conversion  factor 
is  almost  constant,  but  there  are  great  fluctuations  in  the  difference 
between  the  weekly  precipitation  for  the  two  years.  Since  the  basal 
area  growth  has  almost  stopped  after  the  fourteenth  week  of  the 
growing  season,  the  influence  of  precipitation  on  basal  area  growth  is 
only  minor.  Applying  statistical  analysis  of  the  trend  of  the  curves 
for  the  first  thirteen  weeks  of  the  growing  season,  indicates  that  the 
relationship  between  the  two  curves  has  a  correlation  coefficient  of 
.784.     This  is  highly  significant. 

Results  and  Discussion 

A.     Crown  Release  Classifications 

As  previously  mentioned,  193  trees  were  used  for  measurements  at 
the  beginning  of  the  experiment.  Seven  trees  were  damaged  in  the 
summer  of  1949  as  a  result  of  road  construction  and  were  eliminated. 
The  186  remaining  trees  were  divided  into  three  main  groups:  51 
for  control,  68  for  release  during  the  dormant  season  between  1949 
and  1950,  and  67  to  be  released  during  the  growing  season  of  1950.  The 
control  trees  were  used  for  adjustment  of  variations  between  the  two 
growing  seasons.  For  this  purpose  the  average  growth  of  the  control 
trees  for  each  week  during  the  1949  growing  season  was  compared 
with  the  corresponding  average  for  the  1950  growing  season,  as  shown 
in  Figure  18.  By  means  of  the  formula  (C),  previously  shown,  a  correc- 
tion factor  for  the  growth  of  each  week  of  the  1950  growing  season 
was  found. 

From  calculations  it  was  found  that  it  was  not  feasible  to  use  the; 
extent  of  the  crown  circumference  that  was  released  as  a  measure  for 
crown  release.  Since  some  of  the  interference  along  the  circumference- 
might  extend  almost  to  the  top  of  the  crown  of  the  sample  tree,  in; 
other  cases,  it  might  be  an  interference  on  only  the  lower  branches  even 
if  the  amount  of  interference  along  the  circumference  was  the  same. 
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Figure  18.  Weekly  basal  area  growth  of  51  control  trees  in  1949  and  1950. 

Based  on  the  formula  for  the  crown  surface  and  the  amount  of 
crown  release  the  sample  trees  would  get  after  some  of  the  interference 
was  removed,  the  sample  trees  were  divided  into  several  classes.  The  two 
main  classes  included  the  trees  that  received  release  during  the  dormant 
season  between  the  1949  and  1950  growing  season,  and  the  trees  that 
were  released  during  the  latter  part  of  June,  1950.  Each  of  these  main 
classes  was  divided  into  the  percentage  of  crown  surface  that  was 
released.     The  classifications   used   were:     (1)   less   than    12.5   per   cent, 

(2)  12.5  to  37.4  per  cent,  (3)  37.5  to  62.4  per  cent,  and  (4)  62.5  to  87.4 
per  cent.  The  average  basal  area  growth  for  each  week  was  found 
loi  these  classifications  for  both  1949  and  1950.  By  means  of  the 
correction  factors  determined  by  formula  (C)  the  1950  figures  were 
adjusted  for  weekly  variations  in  growth  between  the  two  growing 
seasons  using  the  following  loi  inula:       (D) 

(1950  reading)    -  (conversion  factor  x  1950  leading)        Adjusted  reading 

I'..     Crown  Release  During  thi  Dormani  Season 

in  ordei  to  compare  the  corrected  1950  growth  with  the  1949 
growth  on  basal  area,  ihis  relationship  is  shown  loi  the  different  (lasses 
'.I   percentage  crown   releases   in    Figures    19   to  'l'l.     A   comparison   ol 
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Figure  19.    Weekly  accumulative  basal  area  growth  in  1949  and  1950  of 
18  trees  given  winter  release  of  less  than  12.5  per  cent. 

Figures  19  to  22  with  each  other,  shows  that  the  larger  the  percentage 
crown  release  during  the  dormant  season,  the  larger  the  percentage 
growth  difference  of  basal  area  at  the  end  of  the  growing  season. 
Figure  19  shows  that  the  average  basal  area  growth  for  trees  that 
received  less  than  12.5  per  cent  crown  release  during  the  dormant 
season  between  1949  and  1950  have  had  an  increase  in  growth  during 
1950  of  about  11.4  per  cent.  The  trees  that  received  a  crown  release 
of  from  62.5  to  87.4  per  cent  grew  54.0  per  cent  more  on  the  basal  area 
during  1950.  Although  the  faster  growth  was  not  noticeable  until  the 
eighth  week  of  the  1950  growing  season  on  the  trees  that  received  less 
than  12.5  per  cent  crown  release,  the  increased  growth  started  gradually 
earlier  on  the  trees  what  were  released  more.  On  the  trees  that  received 
releases  ranging  from  62.5  to  87.4  per  cent,  the  increased  growth  was 
already  measurable  during  the  third  week  of  the  growing  season,  or 
about  the  last  week  in  May. 


C.     Crown  Release  During  the  Growing  Season 

As  can  be  seen  in  Figures  23  to  26,  the  trees  that  were  released 
during  the  latter  part  of  June  did  not  show  as  great  an  over-all  increase 
on   the   basal   area  growth   as   the   trees   released   during   the    dormant 
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Figure  20.     Weekly  accumulative  basal  area  growth  in  1949  and  1950 
of  28  trees  given  winter  release  of  12.5-37.4  per  cent. 
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Figurj  21.     Weekly  accumulative  basal  area  growth  in   1949 
oi  18  trees  given  wintei  release  ol  37.5-62.4  pei  cent. 
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Figure  22.     Weekly  accumulative  basal  area  growth  in   1949  and   1950 
of  6  trees  given  winter  release  of  62.5-87.4  per  cent. 

season,  since  the  former  had  only  part  of  the  1950  growing  season  under 
released  condition.  The  increase  in  basal  area  growth  during  1950 
for  the  trees  that  received  less  than  12.5  per  cent  release  during  the 
summer  was  9.7  per  cent.  The  trees  that  had  crowns  released  between  Jj 
62.5  and  87.4  per  cent,  increased  26.0  per  cent  in  basal  area  growth.  | 
It  is  interesting  to  note  that  even  though  most  of  the  leaves  were  out 
on  the  trees  before  they  were  released,  and  although  these  leaves  already 
had  completed  their  cell  structure,  the  trees  that  received  the  most 
crown  release  increased  the  most  in  basal  area  growth  compared  to 
the  1949  growing  season.  This  agrees  with  the  findings  of  Heinicke 
and  Childers  (12).  They  showed  that  the  rate  of  photosynthesis  for 
an  entire  apple  tree  increased  progressively  with  increase  in  light 
intensity.  These  investigators  also  showed  that  many  of  the  interior 
leaves  received  1  per  cent  or  less  of  the  light  received  by  the  peripheral 
leaves.  Therefore,  even  in  full  sunlight  many  of  the  leaves  on  a  tree 
do  not  photosynthesize  at  their  maximum  capacity.  Hence  the  greater 
the  intensity  of  the  incident  light,  the  greater  average  rate  of  photo- 
synthesis per  unit  of  leaf  area.  Meyer  and  Anderson  (19)  state  that 
"total  photosynthesis  per  tree  increases  with  increased  illumination  up; 
to  the  maximum  possible  sunlight  intensity."  Miller  (22)  states  that 
"the   constant   factor   as   far   as    the    number   of   leaves    per   hectare   is 
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concerned,  may  be  explained  in  this  way  that  the  light  necessary 
for  the  C02  assimilation  is  rather  close  to  the  minimum  compared 
to  the  other  growth  factors." 

In  line  with  the  foregoing  findings,  the  increased  growth  of  the 
trees  that  were  released  during  the  growing  season  may  be  explained 
in  this  way:  before  release  many  of  the  leaves  were  assimilating  below 
their  capacity.  After  the  release  they  received  higher  light  intensity. 
This  brought  the  assimilation  of  these  leaves  closer  to  their  maximum 
production.  During  the  years  following  release,  the  basal  area  growth 
will  be  further  increased,  as  will  be  shown  later  from  a  stem  analysis 
of  tree  No.  101.  This  further  increase  may  be  attributed  to  the  enlarge- 
ment of  the  crown,  which  causes  the  crown  surface  to  increase.  The 
relation  between  crown  surface  and  basal  area  growth  has  already  been 
established,  as  shown  in  Figure  11. 

The  release  of  the  sample  trees  took  place  during  the  latter  part  of 
June  and  was  finished  before  the  measurements  were  taken  for  the 
growth  of  the  eighth  week.  In  Figures  23  to  26  it  will  be  noted  that 
already  on  the  measurements  for  the  eighth  week  an  increased  growth 
reaction  has  taken  place.  This  increased  growth  continued  to  the  end 
of  the  growing  season.  At  that  time  the  trees  that  were  released  the 
most  showed  the  greatest  percentage  increase  over  their  1949  growth. 
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Figure  24.     Weekly  accumulative  basal  area  growth  in  1949  and  1950 
of  40  trees  given  summer  release  of  12.5-37.4  per  cent. 
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Figure  25.     Weekly  accumulative  basal  area  growth  in  1949  and  195( 
of  8  trees  given  summer  release  of  37.5-62.4  per  cent. 
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Figure  26.     Weekly  accumulative  basal  area  growth  in  1949  and   1950 
of  5  trees  given  summer  release  of  62.5-87.4  per  cent. 

This  immediate  response  to  release  checks  very  well  with  the 
findings  of  Stephens  and  Spurr  (26)  who,  in  red  pine,  found  that  the 
increased  growth  rate  could  be  noted  within  twenty-four  hours  after 
release. 

These  results  show  that  for  various  degrees  of  release  there  is  a 
corresponding  increased  rate  of  basal  growth  increasing  with  the 
amount  oi  crown  surface  released.  Consequently,  it  has  not  been 
possible  lo  determine  any  stagnation  or  decrease  in  growth  rate  due  to 
a  shock  reaction  caused  by  a  sudden  release  of  the  sample  trees  used 
in  this  experiment. 

I).     Reaction  to  Crown  Release  During  Dormant  Season  of  Trees 
oi   Dim  i  kim  Crown  Classes 

In  ordei  to  furthei  investigate  the  reaction  on  the  Individual  trees 
mI  various  degrees  ol  crown  release  (lining  both  the  dormant  season  and 
th<  growing  season,  the  trees  were  divided  into  crown  (hisses.  The 
three  main  groups  were  control  trees,  winter-released  trees,  and  summer- 
released  trees.  I  he)  were  all  divided  into  dominant,  codominant,  and 
ntermediate  trees.  I>\  comparing  the  growth  oi  dominant  control 
trees  foi    1950  with   the  growth   foi    1949,  and   using   Eormula    (C)    on 


page  28,  the  correction  factors  for  the  different  weeks  of  the  growing 
season  were  found.  These  correction  factors  were  applied  to  the  weekly 
1950  growth  for  the  dominant  trees  that  were  released  during  the 
dormant  season  and  for  those  released  during  the  growing  season  of 
1950.  The  same  procedure  was  used  for  codominant  and  intermediate 
trees. 

In  Figures  27,  28,  and  29,  the  corrected  1959  growth  is  shown  with 
the  growth  for  1949  for  dominant  trees  that  respectively  have  received 
a  winter  release  of  less  than  12.5  per  cent,  12.5  to  37.4  per  cent,  and 
37.5  to  62.4  percent.  From  these  curves  it  is  evident  that  the  more 
the  dominant  trees  are  released  during  the  dormant  season,  the  more 
they  grow  on  the  basal  area  during  the  following  growing  season.  The 
difference  for  dominant  trees  between  the  corrected  weekly  growth 
figures  for  1950  and  1949  weekly  growth  was  placed  over  the  1949 
growth  and  the  percentage  growth  increase  was  found.  This  relation- 
ship is  shown  in  Figure  30,  which  indicates  that  by  the  end  of  the 
growing  season  the  trees  which  had  less  than  12.5  per  cent  of  their 
crown  released,  grew  8.5  per  cent  more  than  they  did  in  1949.  The 
trees  that  received  a  crown  percentage  release  of  between  12.5  and  37.4 
per  cent,  increased  12.5  per  cent,  whereas  the  trees  that  were  released 
between   37.5   and   62.4   per   cent,    increased   46.0    psr   cent.      Although 
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Figure  28.     Weekly  accumulative  basal  area  growth  in   1949  and   1950 
of  7  dominant  trees  given  winter  release  of  12.5-37.4  per  cent. 
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Figure  30.     Percentage  weekly  basal  area  growth  in   1949  and  1950  of 
dominant  trees  given  different  percentages  of  winter  release. 

these  figures  cannot  be  deemed  conclusive  because  only  relatively  few 
trees  fell  in  this  category,  they  are  indicative  of  the  effect  that  will  take 
place  after  different  percentages  of  release  of  crown  surfaces  of  dominant 
trees  have  been  made. 

Figures  31,  32,  33,  and  34  show  the  growth  of  codominant  trees 
that  received  different  amounts  of  crown  release  during  the  dormant 
season.  The  release  classifications  that  are  represented  in  these  figure^ 
are  crown  releases  less  than  12.5  per  cent,  between  12.5  and  37.4  per  cent, 
and  between  37.5  and  62.4  per  cent.  As  in  former  figures,  the  3  950 
growth  is  corrected  based  on  the  differences  in  growth  of  codominant 
control  trees  during  the  1949  and  1950  growing  season.  The  results 
may  be  considered  rather  indicative,  since  all  the  classifications  are 
represented  by  a  fair  number  of  trees.  As  will  be  noticed  from  the 
figures,  there  is  no  difference  between  the  growth  of  1949  and  1950 
until  the  sixth  week.  After  that  there  is  a  steadily  increasing  difference 
between  the  two  growing  seasons  corresponding  with  the  amount  of 
release  the  crowns  have  received.  Figure  42  shows  the  difference 
between  the  basal  area  growth  during  the  two  seasons  expressed  as  a 
percentage  over  1949  growth.  As  will  be  noted,  there  are  great; 
percentage  variations  during  the  first  five  weeks.    This  is  understandable, 
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Figure  31.     Weekly  accumulative  basal  area  growth  in  1949  and   1950 
of  9  codominant  trees  given  winter  release  of  less  than  12.5  per  cent. 
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Figuri    \vi.     Weekly  accumulative  basal  area  growth  in   1949  and    1950 
ol  17  codominant  trees  given  wintei  release  <>l   12.5-37.4  pei  cent. 
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Figure  33.     Weekly  accumulative  basal  area  growth  in   1949  and  1950 
of  10  codominant  trees  given  winter  release  of  37.5-62.4  per  cent. 


Figure  34.     Percentage  weekly  basal  area  growth  in   1949  and   1950  of 
codominant  trees  given  different  percentages  of  winter  release. 
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since  small  variations  at  that  stage  will  represent  large  percentage 
differences.  Therefore,  not  until  the  growing  season  gets  underway,  or 
at  about  the  fifth  or  sixth  week,  will  the  curves  be  indicative  of  the 
differences  in  growth  of  the  three  classifications  of  release.  It  will  be 
noted  that  codominant  trees  that  receive  the  most  crown  release  will 
grow  the  most  in  basal  area  during  the  growing  season  following  the 
release. 

Figures  35,  36  and  37  represent  the  growth  of  intermediate  trees 
that  have  received  different  percentages  of  crown  releases  during  the 
dormant  season.  The  corrected  1950  growth  was  obtained  by  means 
of  corrected  factors  from  the  1949  and  1950  growth  of  intermediate 
control  trees.  Figure  35,  representing  intermediate  trees  having  received 
crown  releases  between  37.5  and  62.4  per  cent,  shows  no  difference  in 
growth  between  the  corrected  1950  data  and  the  growth  for  1949  until 
about  the  ninth  week  of  the  growing  season.  Figure  36,  however, 
lepresenting  intermediate  trees  having  received  crown  releases  between 
62.5  and  87.4  per  cent,  shows  a  difference  in  growth  during  the  two 
growing  seasons  on  the  third  week  of  the  growing  season.  Since  these 
two  classifications  are  only  represented  by  2  and  4  trees  respectively, 
these  findings  cannot  be  deemed  conclusive.  Figure  37  shows  the 
percentage  difference  in  growth  on  basal  area  based  on  corrected   1950 
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Figure  36.     Weekly  accumulative  basal  area  growth  in   1949  and   1950 
of  4  intermediate  trees  given  winter  release  of  62.5-87.4  per  cent. 
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Figure  37.     Percentage  weekly  basal  area  growth  in   1949  and   1950  of 
intermediate  trees  given  different  percentages  of  winter  release. 
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measurements  over  1949.  The  pattern  here  also  is  irregular  until  the 
seventh  week,  after  which  the  trend  in  growth  shows  a  remarkable 
difference.  Because  of  the  few  sample  trees  in  these  classifications,  the 
results  cannot  be  termed  significant.  The  trend  of  the  curves,  however, 
shows  that  the  greater  the  percentage  of  crown  release  received  by  the 
intermediate  trees,  the  greater  the  increase  in  basal  area  growth  during 
the  growing  season  after  release. 


E.     Reaction  to  Crown  Release  During  Growing  Season  of  Trees 
of  Different  Crown  Classes 


The  following  sets  of  curves  represent  the  different  crown  classifica- 
sions  and  their  reaction  on  basal  area  growth  to  various  percentages 
of  crown  releases  during  the  growing  season.  Figures  38  and  39,  which 
show  the  average  data  of  all  the  sample  trees,  indicate  the  amount  of 
increase  on  basal  area  growth  on  winter-released  and  summer-released 
trees.  These  figures  illustrate  that  the  summer-released  trees  grew  pro- 
portionally less  than  the  trees  that  were  released  during  the  dormant 
season.  The  reason  for  this  probably  is  that  only  part  of  the  growing 
season  remained  after  the  release  took  place. 
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Figure  39.     Weekly  accumulative  basal  area  growth  in  1950  of  winter- 
released,  summer-released,  and  control  trees. 

Figures  40,  41,  and  42  show  the  reaction  on  basal  area  growth  of 
dominant  trees  to  crown  releases  of  less  than  12.5  per  cent  and  between 
12.5  and  37.4  per  cent.  Although  the  release  took  place  during  the 
seventh  and  eighth  weeks  of  the  growing  season,  no  growth  difference 
is  noticeable  on  the  dominant  trees  until  the  end  of  the  fourteenth 
week  for  the  trees  that  received  the  greater  amount  of  release.  On  the 
dominant  trees  that  received  less  than  a  12.5  per  cent  crown  release,  the 
increased  growth  during  the  1950  growing  season  does  not  show  up 
until  the  end  of  the  sixteenth  week.  This  delay  in  reaction  also  is 
apparent  in  Figure  42,  which  shows  that  the  percentage  growth  on 
basal  area  based  on  corrected  1950  growth  over  1949  growth,  runs  along 
the  zero  line  until  the  fourteenth  and  sixteenth  weeks  for  the  two 
classifications  of  crown  release.  By  the  end  of  the  growing  season, 
however,  it  shows  that  the  dominant  trees  that  have  received  the 
greatest  percentage  release  of  the  crowns  during  the  summer  have  the 
greatest  percentage  increase  in  basal  area  growth. 

Figures  43,  44,  45,  46,  and  47  show  the  reaction  of  codominant 
trees  to  various  degrees  of  crown  release  during  the  growing  season. 
It  is  interesting  to  note  in  Figure  43  that  although  the  release  of  the 
crown  took  place  during  the  seventh  and  eighth  weeks  of  the  growing 

44 


.08 


.07 


.06 


.03 


02 


.00 


ONE  YEAR  BASAL  AREA   GROWTH 
IN    SQUARE    FEET. 

DOMINANT  TREES 

SUMMER  RELEASE  <I2. 5% 
(4   TREES) 

COR 

RECTED 

1950 

1949 

i 

Is 

Juna 

15 

Jul, 

1 
I 

IS 

Ado. 
i 

IS 

1 

IS 

16 


18 


20 


2  4  6  8  10  12  14 

WEEKS 

Figure  40.     Weekly  accumulative  basal  area  growth  in   1949  and   1950 
of  4  dominant  trees  given  winter  release  of  less  than  12.5  per  cent. 
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Figure  42.     Percentage  weekly  basal  area  growth  in   1949  and   1950  of 
dominant  trees  given  different  percentages  of  summer  release. 
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Figure  43.     Weekly  accumulative  basal  area  growth  in   1949  and   1950 
of  8  codominant  trees  given  summer  release  of  less  than  12.5  per  cent. 
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Figure  44.     Weekly  accumulative  basal  area  growth   in   1949  and   1950 
of  27  codominant  trees  given  summer  release  of  12.5-37.4  per  cent. 
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Figure  46.     Weekly  accumulative  basal  area  growth  in  1949  and  1950 
of  4  codominant  trees  given  summer  release  of  62.5-87.4  per  cent. 
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Figure  47.     Percentage  weekly  basal  area  growth  in   1949  and  1950  of 
codominant  trees  given  different  percentages  of  summer  release 
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season,  there  is  no  increased  growth  during  1950  until  the  tenth  week 
on  the  trees  that  received  a  release  of  less  than  12.5  per  cent.  For  the 
other  groups  that  received  greater  percentage  releases  of  their  crowns,  the 
reaction  is  already  noticeable  on  the  measurements  during  the  eighth 
week,  only  a  few  days  after  the  release  took  place.  Although  the 
differences  for  the  different  percentages  of  release  are  considerable,  the 
corrected  1950  growth  on  the  basal  area  is  much  less  compared  to  the 
winter-released  codominant  trees.  Figure  47  shows  the  percentage 
growth  on  basal  area— corrected  1950  growth  over  1949  growth.  The 
irregularities  also  are  apparent  here  until  about  the  eighth  week,  after 
which  the  curves  show  steady  trends.  It  is  apparent,  however,  that  the 
percentage  increase  does  not  correspond  to  the  percentage  of  crown 
release.  This  may  be  explained  by  the  lack  of  representation  in  the 
crown  release  classes  of  37.5  to  62.4  per  cent,  and  62.5  to  87.4  per  cent, 
which  contain  only  5  and  4  trees,  respectively. 

Figures  48,  49,  50,  and  51  show  the  difference  in  growth  between 
corrected  1950  and  1949  growth  for  intermediate  trees  that  had  their 
crowns  released  during  the  growing  season.  Figures  48,  49,  and  50 
represent,  respectively,  releases  from  12.5  to  37.4  per  cent,  37.5  to  62.4 
per  cent,  and  more  than  87.5  per  cent  crown  releases.  Although  there 
are  only  2  trees  in  each  of  these  groups,  the  figures  have  been  included 
in  the  discussion  because  they  do  give  an  indication  of  the  reaction  of 
intermediate  trees  to  crown  releases  during  the  growing  season.  As  can 
be  seen  in  Figures  48  and  49,  the  corrected  1950  growth  showed  greater 
values  during  the  third  week  of  the  growing  season  as  compared  to  the 
!949  growth.  Although  no  definite  explanation  can  be  given,  it  is 
possible  that  since  these  trees  were  growing  under  starvation  conditions 
in  regard  to  light  and  perhaps  root  competition,  cutting  of  some 
trees  to  give  other  tree  s  down  release  during  the  dormant  season  may 
have  affected  the  trees  in  question.  Such  cuttings  may  have  affected  root 
competition  oi  the  summer-released  intermediate  trees  without  affecting 
the  li.^ln  density  ol  the  crowns. 

As  can  be  seen  in  Figures  48,  49,  and  50,  the  great  difference  in  basal 
ana  growth  between  the  two  growing  seasons  did  not  occur  until  alter 
the  eighth  week.  It  is  believed  thai  the  increased  growth  rate  of  the 
intermediate  trees  aftei  some  ol  the  neighboring  trees  have  been  cut 
is  parti)  due  to  release  from  root  competition,  and  partly  to  the  increased 
amount  ol  lighi  thai  reaches  the  crown.  This  problem  will  l>e  discussed 
latei  on  page  6  I. 

Figure  51  shows  the  percentage  growth  ol  basal  area  based  on 
corrected  1950  data  ovei  1949  growth.  Altei  the  usual  irregularities 
until   about    tin    eighth    week,   the  different    degrees  ol    release  show   a 
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Figure  48.     Weekly  accumulative  basal  area  growth  in   1949  and   1950 
of  2  intermediate  trees  given  summer  release  of  12.5-37.4  per  cent. 
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Figure  49.     Weekly  accumulative  basal  area  growth  in   1949  and   1950 
of  2  intermediate  trees  given  summer  release  of  37.5-62.4  per  cent. 
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Figure  50.     Weekly  accumulative  area  growth  in   1949  and   1950  of  2 
intermediate  trees  given  summer  release  of  more  than  87.5  per  cent. 
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Figure  51.     Percentage  weekly  basal  area  growth  in   1949  and   1950  of 
intermediate  trees  given  different   percentages  <>l  summer  release. 
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growth  corresponding  to  the  amount  of  release  the  trees  have  received. 
The  increased  growth  of  these  trees  is  remarkable,  since  most  of  their 
crowns  were  worn  down  to  a  considerable  extent.  In  spite  of  this,  these 
trees  responded  extremely  well  to  the  release  they  received.  Although 
a  sudden  and  complete  release  of  worn  down  intermediate  trees  cannot 
be  recommended  because  it  often  will  cause  wind  breakage,  the  trees 
will  react  favorably  to  severe  releases  if  no  damage  occurs  to  them  from 
other  causes. 


F.  Reaction  of  Different  Crown  Classes  to  the  Same   Percentage 
of  Crown  Release 

In  order  to  investigate  the  relative  reaction  of  various  crown  classes 
to  the  same  percentage  of  winter  release,  Figures  52,  53,  54,  and  55 
were  constructed.  The  general  trend  in  these  figures  seems  to  be  that 
for  the  same  percentage  release,  the  lower  crown  class  reacts  by  growing 
correspondingly  more  during  the  1950  growing  season  than  does  the 
higher  crown  class.  The  only  exception  is  for  the  release  that  was  less 
than  12.5  per  cent.  Here  there  does  not  seem  to  be  any  difference 
between  the  growth  increase  of  dominant  and  codominant  trees.  The 
reason  for  this  may  be  that  the  reaction  from  a  small  amount  of  release, 
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Figure    52.     Percentage    weekly    basal    area    growth    of    dominant    and 
codominant  trees  given  winter  release  of  less  than  12.5  per  cent. 
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Figure    53.     Percentage    weekly    basal    area    growth    of    dominant    and 
codominant  trees  given  winter  release  of  12.5-37.4  per  cent. 
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icuRi    54.     Percentage    weekl)    basal    area    growth    ol    dominant    and 
codominani  trees  given  wintei   release  <>l  37.5-62.4   pei   cent. 
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Figure  55.     Percentage  weekly  basal   area  growth  of  codominant   and  i 
intermediate  trees  given  winter  release  of  more  than  62.5  per  cent. 


which  in  this  case  for  both  crown  classes  was  nearly  7  per  cent  of  the 
crown  surfaces,  is  too  small  to  make  much  difference. 

In  the  present  instance,  both  crown  classes  increased  only  about 
10  per  cent  on  basal  area  growth  over  the  1949  growth.  The  additional 
light  to  which  the  crowns  are  exposed  is  too  small  to  register  a  real 
increase.  In  this  case,  where  both  dominant  and  codominant  trees 
received  a  7  per  cent  crown  release,  most  of  this  release  took  place 
on  the  lower  part  of  the  crown.  On  larger  trees  this  part  of  the  crown 
is  rather  shallow.  Therefore,  only  relatively  few  leaves  will  receive 
added  light.  The  larger  percentage  increase  in  the  other  figures  for 
codominant  over  dominant  and  intermediate  over  codominant,  may 
take  place  because  the  intermediate  trees  have  been  growing  in  com- 
paratively greater  partial  shade  than  the  codominant  trees.  Thus,  when 
a  certain  percentage  of  the  crown  is  released,  the  side  of  the  crown  will 
not  alone  be  benefited  by  the  additional  light,  but  the  rest  of  the  crown 
will  receive  more  light  as  well,  since  the  crowns  of  intermediate  trees 
are  smaller  than  those  of  the  codominant  trees.  The  same  explanation 
also  can  be  applied  to  the  comparison  between  the  codominant  and 
dominant  trees  for  greater  percentage  releases.  Generally,  it  may  be 
safe  to  assume  that  the  lower  crown  classes  have  their  crowns  in  deeper 
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shade  than  the  higher  crown  classes.  This  will  mean  that  the  leaves 
of  the  lower  crown  class  trees  assimilate  under  a  relatively  lower  light 
intensity  compared  to  the  leaves  of  the  higher  crown  classes.  Therefore, 
any  increase  in  light  intensity  for  the  leaves  of  the  lower  crown  classes 
will  give  greater  increase  than  for  the  higher  crown  classes,  since  the 
former  leaves  will  assimilate  at  a  rate  farther  below  their  maximum 
capacity  than  leaves  on  higher  crown  class  trees. 

Figures  56,  57,  and  58  show  the  relationships  between  the  different 
crown  classes  that  have  been  exposed  to  the  same  percentage  summer 
release.  The  trend  in  these  figures  is  the  same  as  occurred  for  the 
winter  releases  of  similar  percentages.  Again  there  is  little  difference 
in  the  growth  increase  of  dominant  and  codominant  trees  that  have 
been  exposed  to  less  than  12.5  per  cent  crown  release.  For  a  crown 
release  of  12.5  to  37.4  per  cent,  the  codominant  trees  show  much  greater 
increase  on  basal  area  growth  than  the  dominant  trees.  Likewise,  for 
a  summer  release  of  the  crowns  of  37.5  to  62.4  per  cent,  the  intermediate 
trees  have  increased  relatively  more  than  the  codominant  trees. 

The  fact  that  the  intermediate  trees  increase  relatively  more  than 
the  codominant  trees,  and  that  the  codominant  trees  increase  cor- 
respondingly more  than  the  dominant  trees  after  the  same  amount  of 
release,   is   very   encouraging.      This   will   mean   that    for   yellowpoplar 
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Figure    57.     Percentage   weekly    basal    area   growth    of    dominant    and 
codominant  trees  given  summer  release  of  12.5-37.4  per  cent. 
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Figure  58.     Percentage  weekly  basal   area  growth  of  codominant  and 
intermediate  trees  given  summer  release  of  37.5-62.4  per  cent. 
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and  perhaps  other  species,  a  very  favorable  reaction  will  be  obtained  if 
in  thinnings  the  lower  crown  classes  are  favored.  It  is  possible  to  get 
a  greater  percentage  increase,  and  often  it  also  may  be  possible  to  place 
the  growth  on  stems  that  will  have  a  greater  potential  value  because 
of  less  defects  from  dead  branches  and  hidden  knots.  These  factors 
indicate  that  the  Borggreve  (2)  system  of  thinning  from  above  may  be 
used  successfully  in  yellowpoplar  stands. 

In  general,  the  above  analyses  and  discussions  show  that  the  more 
percentage  crown  release  a  tree  receives,  whether  it  be  during  the 
dormant  or  during  the  growing  season,  the  more  it  will  increase  in 
growth  on  the  basal  area.  Furthermore,  the  graphs  show  that  if  the 
release  is  made  during  the  domant  season,  the  increased  basal  area 
growth  will  begin  early  in  the  growing  season.  For  more  complete 
releases,  the  increased  growth  can  be  recorded  as  early  as  the  third  or 
fourth  week  of  the  growing  season.  For  trees  that  receive  crown 
releases  during  the  growing  season,  the  reaction  will  be  immediate  if 
these  releases  are  rather  complete.  For  less  complete  releases,  the 
increased  basal  area  growth  will  not  be  recorded  until  a  few  weeks 
after  the  release  takes  place.  In  no  case  has  there  been  any  evidence 
of  shock  reaction,  although  some  of  the  trees  received  a  crown  release 
of  more  than  87.5  per  cent. 

It  also  is  interesting  to  note  that  for  the  same  percentage  release, 
the  lower  crown  classes  will  show  a  greater  percentage  increase  of  basal 
area  growth  than  the  higher  crown  classes.  In  general,  for  the  same 
percentage  release,  a  codominant  tree  will  increase  more  percentagewise 
in  basal  growth  than  a  dominant  tree  during  the  growing  season 
immediately  after  the  release  has  been  made.  In  the  same  way,  an 
intermediate  tree  will  grow  more  in  percentage  than  a  codominant  tree. 

Statistical  Analysis 

For  the  purpose  ol  determining  the  validity  of  the  results,  Mests 
were  made  for  cadi  oi  the  classifications  between  the  growth  during 
I'H'J  before  ili<  release  was  made  and  the  growth  dining  1950  after  the 
crowns  had  been  released.  Th<  1950  growth  was  corrected  by  means 
"I  control  trees  ol  the  same  crown  classification  as  the  trees  that  were 
analyzed. 

rable  I  shows  thai  the  greatest  significance  is  obtained  l<>i  the 
wintei  releases,  since  these  will  show  larger  differences  on  basal  area 
growth  between  the  two  growing  seasons  than  the  summer-released 
trees.  Owing  to  ih<-  small  numbei  ol  samples  in  the  dominanl  classi 
fication,  and  since  the  difference  between  the  growth  during  the  two 
■Mis  iii  this  classification   is  no!   as  great   as  in   the  codominant   and 
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intermediate  classifications,  the  t  values  do  not  indicate  real  differences. 
In  the  codominant  classification,  which  was  represented  by  more  sample 
trees,  most  of  the  t  values  are  satisfactory.  Lack  of  data  in  the  inter- 
mediate classification  causes  too  small  values  of  t.  It  may  be  assumed, 
however,  that  if  more  sample  trees  had  been  available  in  all  classifications, 
satisfactory  values  of  t  could  have  been  obtained  in  most  of  the  classi- 
fications. This  is  indicated  by  the  ts  obtained  from  the  "all  trees" 
classifications,  which  show  a  generally  higher  probability. 


Form  Changes  After  Release 


From  the  foregoing,  it  is  evident  that  a  considerable  increase  in  basal 
area  growth  takes  place  after  releases  have  been  made  of  the  sample 
trees.  It  might  be  suggested  that  most  of  the  changes  take  place  on 
the  lower  part  of  the  stem  and  that  this  will  improve  the  structural 
design  of  the  tree,  thereby  making  it  more  wind  resistant.  If  that  were 
the  case,  it  would  mean  that  the  form  quotient,  the  relation  of  the 
diameter  at  half  height  of  the  tree  divided  by  diameter  breast  high, 
would  be  smaller.  If  this  happened,  the  increased  rate  of  basal  area 
growth  might  not  mean  an  appreciable  amount  of  volume  growth. 

In  order  to  investigate  these  relationships,  a  stem  analysis  was 
performed  on  tree  No.  101.  This  tree  was  released  during  the  winter 
<;l  1941-42  when  another  yellowpoplar,  standing  five  feet  from  it,  was 
<ut.  The  crown  release  was  approximately  40  per  cent.  In  1950, 
tree  No.   101   had  the  following  dimensions: 

Diameter  breast  high   ....   16.4  in.  Crown  projection 450  sq.  ft. 

I  otal  height 88  ft.  Crown  surface 1,1 16.3  sq.  ft. 

Dead  length   40  It.  Crown  diameter 23.9  ft. 

Clear  length   40  ft.  Crown  length 20  ft. 

The  imc  did  noi  receive  any  release  after  the  cutting  made  in 
1941-42  and  was  nol  in  ;my  way  released  during  the  experiment,  in 
which  it  was  used  as  a  control.  Figure  59  shows  the  form  of  the  part  of 
die  stem  extending  up  to  57  feet  above  the  ground.  The  curves 
indicated  are  tin  dimensions  inside  hark  in  1932,  1911,  and  1950, 
showing  the  form  ol  tin  tree  9  years  prioi  to  the  release  and  9  years 
aftei  the  release.  The  graphs  show  thai  no  appreciable  change  in  form 
has  taken  place  dining  the  last    IK  years.     The   following   figures  will 

UlOW  the   loi  in    in   mole  detail ! 
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1950        1941        1932 

D.B.H.  inside  bark   14.66       11.88         9.54 

Diameter  17  feet  above  ground 13.08       10.70        8.70 

Diameter  44  feet  above  ground   10.10         8.05        6.10 

Diameter  17  feet QQ  Q         ^ 

D.B.H. 

Diameter  44  feet fig  g  ^ 

D.B.H. 

This  indicates  that  although  there  has  been  a  slight  decline  of  the 
proportion  between  the  inside  diameter  at  the  top  of  the  first  16-foot 
log  divided  by  d.b.h.— the  so-called  Girard  Form  Factor— there  has  been 
an  increase  in  the  regular  form  quotient.  This  last  one  is  based  on 
the  diameter  inside  bark  at  half  the  height  of  the  tree  in  proportion 
to  the  diameter  breast  high.  The  conclusions  from  these  calculations 
must  be  that  if  any  change  in  form  has  taken  place,  it  has  been  towards 
a  form  that  is  closer  to  the  cylinder  compared  to  what  it  was  before 
thinning. 

In  the  left  part  of  Figure  59  is  shown  the  total  diameter  growth 
in  inches  for  the  9-year  period  before  release  and  the  9-year  period 
after  release.     It  is  evident  that  the  total  diameter  growth  at  various 
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points  of  the  stem  has  been  much  greater  during  the  period  after 
release  than  in  the  period  before  release.  For  some  reason,  the  diameter 
growth  1  foot  above  ground  has  increased  proportionally  more  than 
any  of  the  other  diameters.  Otherwise,  the  increase  has  been  rather 
even  throughout  the  stem,  with  a  percentage  increase  for  the  last 
9  years  over  the  9  years  previous  to  the  release  varying  from  29.9  at 
25  feet  above  the  ground  to  a  maximum  of  47.5  per  cent  at  17  feet 
above  the  ground.  The  percentage  increase  at  breast  height  was  43.8, 
considerably  less  than  the  maximum  increase. 

It  is  realized  that  an  analysis  of  only  one  tree  cannot  give  con- 
clusive results,  but  since  no  other  trees  were  available  which  had 
received  a  release  several  years  before,  it  was  not  possible  to  supplement 
the  foregoing  analysis  with  more  data.  Based  on  the  measurements 
listed  above,  however,  there  are  indications  that  the  diameter  at 
various  points  of  the  stem  will  increase  at  about  the  same  rate  as 
will  the  diameter  at  breast  height.  If  this  be  true,  and  there  are  no 
reasons  to  believe  differently,  the  measurements  given  for  basal  area 
growth  also  will  be  indicative  of  volume  growth. 

It  is  interesting  to  note  in  Figure  60,  which  shows  the  basal  area 
growth  of  the  same  tree  discussed  above,  that  there  is  an  increase  on 
the    entire    tree    during    the    first    growing    season    immediately    after 
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release.  This  basal  area  increase  gets  progressively  greater  as  the 
tree  grows.  The  explanation  for  this  may  be  found  in  a  statement 
on  assimilation  by  Heinicke  and  Childers  (12)  :  "Much  of  the  leaf 
surface,  probably  more  than  90  per  cent  of  the  total,  is  functioning  at 
a  very  low  rate  on  many  days  during  the  season."  This  will  mean  that 
immediately  after  a  tree  is  released,  additional  light  will  be  available 
to  many  of  the  leaves.  The  additional  light  will  enable  the  leaves 
to  produce  at  a  greater  rate  than  before.  During  the  following  years 
the  crown  will  have  opportunity  to  expand  because  of  the  open  space 
available  after  some  of  the  competition  for  light  has  been  lessened  by 
cutting  a  neighboring  tree.  With  the  expansion  of  the  crown,  more 
leaf  surface  will  be  available  for  increased  production.  This  shows 
up  in  the  increasing  rate  of  growth  as  seen  in  Figure  60. 

The  varying  amount  of  assimilation  of  the  individual  leaves,  which 
is  caused  by  differences  in  available  light,  may  be  the  reason  for  the 
spread  of  the  individual  data  in  the  relationship  between  basal  area 
growth  and  crown  surface  shown  in  Figure  11.  Although  a  rather 
high  correlation  index  was  obtained  for  this  relationship  because  the 
trees  included  had  not  been  released  during  the  last  ten  years,  dif- 
ferences in  light  intensities  for  different  parts  of  the  crown  may  have 
caused  much  less  assimilation  on  the  more  shaded  trees  compared  to 
the  more  dominant  trees  with  the  same  crown  surface.  Although,  in 
general,  crown  surface  is  a  good  indicator  of  basal  area  growth,  crown 
surface  may  show  a  considerable  spread  of  the  data  if  the  measurements 
had  been  taken  in  a  stand  in  which  some  trees  had  been  released 
more  than  others. 

Differences  in  Radial  Growth  on  the  Same  Tree 

When  measuring  radii  at  breast  high  on  tree  No.  101  to  obtain 
data  for  the  stem  analysis,  it  was  noticed  that  these  varied  considerably. 
Further  investigation  revealed  that  on  some  trees  with  several  den- 
drometer  stations,  the  difference  in  growth  in  some  cases  was  as  great 
as  50  per  cent  at  breast  height. 

Since  it  is  sometimes  believed  that  crown  development  and  radial 
growth  are  related  in  such  a  way  that  the  side  of  the  stem  that  is  under 
the  largest  crown  development  grows  faster,  measurements  from  den- 
drometer  stations  for  the  growing  season  of  1949  were  compared  with 
the  crown  radius  directly  above  the  station  on  trees  that  had  several 
dendrometer  stations.  The  radial  growth  for  1949  from  these  stations 
was  plotted  over  the  crown  radius  directly  above  the  station,  but  no 
significant    correlation    was    found.      This    shows    that    for    the    sample 
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trees  investigated,  the  uneven  crown  development  does  not  have  any 
influence  on  the  radial  growth  of  the  tree. 

Another  hypothesis  that  has  been  mentioned  is  that  trees  grow 
faster  on  the  northern  side  because  of  the  presence  of  more  moisture, 
which  supposedly  should  create  greater  radial  growth.  To  check  this 
possibility,  the  radial  growth  for  1949  was  investigated  on  trees  that 
had  four  micrometer  stations  placed  in  the  cardinal  directions  of 
north,  east,  south,  and  west.  The  basal  area  growth  for  1949  for  each 
of  the  directional  dendrometer  stations  was  plotted  over  diameter 
breast  high  measured  with  diameter  tape.  The  data  showed  no 
relationship  and  the  averages  of  the  values  for  radial  growth  for  1949 
for  the  different  directions  were  about  the  same.  This  indicated  that 
no  radial  growth  related  to  cardinal  compass  directions  grew  faster 
than  any  other  one. 

Finally,  the  1949  basal  area  growth  was  calculated  on  the  basis 
of  one  radius  for  each  tree  with  several  stations  in  such  a  way  that  the 
stations  were  grouped  in  relation  to  whether  or  not  they  were  located 
over  the  largest  root  extending  from  the  tree,  the  second  largest  root, 
or  no  root.  The  basal  area  growth  was  related  to  the  crown  surface. 
Figure  61  shows  the  three  curves  resulting  from  this  investigation.     The 
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curve  for  basal  area  growth,  determined  by  radial  growth  over  the 
largest  root,  has  a  correlation  index  of  .803.  The  curve  for  basal  area 
growth  over  the  second  largest  root  has  a  correlation  index  of  .592, 
whereas  the  curve  for  basal  area  growth  over  no  root  has  a  correlation 
index  of  .803.  Up  to  800  square  feet  of  crown  surface  there  is  no 
difference  between  the  three  curves.  For  the  larger  crown  surfaces, 
however,  there  are  considerable  differences  between  the  three  curves. 

For  the  purpose  of  determining  growth  of  stands  by  taking  incre- 
ment borings  from  sample  trees,  it  is  of  importance  to  take  these  in  the 
same  relative  position  as  roots  that  extend  out  from  the  trees.  Other- 
wise, a  considerable  variation  may  be  included  in  such  measure- 
ments. This  would  establish  considerable  inaccuracies  in  prediction 
of  growth  of  stands. 

For  the  purpose  of  determining  how  far  up  the  stem  this  influence 
of  the  roots  extends,  a  stem  analysis  was  made  of  tree  No.  101,  which 
was  cut  down  after  the  1950  growing  season.  By  plotting  the  radii 
over  the  largest  root,  the  second  largest  root,  and  over  a  place  from 
where  no  roots  extended,  the  measurements  at  breast  height  showed 
that  during  the  last  9  years  the  radius  above  the  largest  root  had  grown 
1.7  inches,  and  the  radius  over  no  root  had  grown  1.4  inches.  At  a 
point  9  feet  above  the  ground,  the  effect  of  the  roots  had  diminished. 
At  that  point  the  radial  growth  above  No.  1  root  for  the  last  nine 
years  was  1.25  inches,  over  No.  2  root  1.3  inches,  and  above  no  root 
1.2  inches.  Farther  up  the  tree  no  relationship  was  found  between 
the  roots  and  radial  growth. 


Light  Intensity  and  Root^Gompetition 


For  the  purpose  of  perhaps  throwing  some  light  on  the  question 
of  which  factor  or  factors  are  causing  the  increased  growth  after  the 
trees  are  released,  a  separate  experiment  was  established.  The  thought 
occurred  that  if  instead  of  cutting  the  neighboring  trees,  these  were 
only  bent  away  from  the  sample  tree,  this  tree  would  receive  as  much 
light  as  if  the  surrounding  trees  had  been  cut.  On  the  other  hand, 
if  there  was  any  interference  from  root  competition,  this  would  still 
be  present.  Unfortunately,  the  yellowpoplar  that  were  used  in  the 
experiment  were  so  large  that  it  was  impossible  to  bend  them  away 
from  the  neighboring  trees.  To  get  a  little  information  on  this 
problem,  however,  such  an  experiment  was  established  in  a  hybrid 
poplar  plantation. 

These  hybrid  poplar  were  planted  as  cuttings  in  1941,  but  had 
been   cut  down    to  obtain   cuttings   for   planting   stock.      In    1943    they 
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were  allowed  to  grow  up.  At  the  time  of  the  experiment  they  had  a 
diameter  of  between  4  and  5  inches  and  a  height  of  25  feet.  Since  the 
plantation  is  very  small,  it  was  possible  to  establish  only  2  trees  of 
each  category— 2  for  control,  2  to  be  released  by  thinning,  and  2  by 
bending  the  neighboring  trees.  One  dendrometer  station  was  estab- 
lished on  each  of  the  trees.  Measurements  were  taken  throughout  the 
1949  growing  season  without  disturbing  the  growing  conditions  of  the 
trees.  During  the  dormant  season  of  1949  and  1950,  all  trees  that 
were  interfering  with  the  crown  development  of  2  of  the  trees  were 
cut.  For  2  other  trees  the  interfering  ones  were  bent  away  and  held 
in  that  position  by  ropes  during  the  entire  growing  season  of  1950. 
The  2  control  trees  were  not  disturbed.  The  selection  of  the  individual 
tree  for  any  of  these  classifications  was  made  arbitrarily. 

When  the  plantation  was  established  by  cuttings,  it  was  done  on 
a  3  by  3  foot  spacing.  After  it  was  allowed  to  grow  in  1943,  it  became 
very  crowded  and  was  released  to  a  6  by  6  foot  spacing  in  1946.  Since 
then  no  more  cutting  was  made  in  the  stand  up  to  the  time  of  the 
experiment.  Therefore,  the  trees  were  quite  crowded  and  exerted  con- 
siderable interference  on  each  other.  Not  until  the  results  of  the  control 
trees  became  available,  however,  was  it  realized  that  the  stand  was 
actually  stagnating.     As  can  be  seen   in  the   lower  part  of   Figure   62, 
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these  trees  have  grown  considerably  less  on  the  basal  area  during  1950, 
compared  to  the  growth  during  1949,  even  though  the  yellowpoplar 
that  were  growing  in  close  proximity  to  the  hybrid  poplar  showed 
considerably  greater  growth  on  the  control  trees  during  1959  than  in 
1949.  The  upper  part  of  Figure  62  shows  the  comparison  between 
the  corrected  growth  of  1950  and  the  growth  of  1949.  The  growth  ol 
1950  was  corrected  on  the  basis  of  difference  in  growth  of  the  control 
trees  during  the  two  growing  seasons,  just  as  was  done  for  the  yellow- 
poplar  experiment.  In  Figures  62  and  63,  it  can  be  seen  that  the 
trees  that  were  released  by  cutting  the  neighboring  trees  have  increased 
considerably  after  release,  whereas  those  which  were  released  by  bending 
away  neighboring  trees  have  increased  only  slightly.  Although  the 
result  from  this  experiment  by  no  means  can  be  termed  conclusive, 
owing  to  the  small  number  of  sample  trees,  it  may  show  some  trend 
that  can  be  interpreted  in  this  way:  root  competition  shows  considerable 
influence  where  the  trees  grow  close  together.  In  such  places,  even 
if  the  soil  is  moist  and  well-drained,  the  limiting  factor  seems  to  be 
root  competition  rather  than  crown  interference. 

Profitable  Tree  Forms 

In  order  to  conduct  intensive  silviculture  management,  it  is  necessary 
to  have  an  intimate  knowledge  of  the  growth  and  reactions  of  the 
individual  tree.  During  the  last  150  years,  volumes  have  been  written 
about  forest  stands,  their  volume  per  unit,  the  average  diameter,  and 
their  reproduction.  Little,  however,  has  been  studied  about  the  single 
tree,  the  proportion  of  its  crown  to  the  total  height,  the  number  of 
clear  logs  it  should  have  in  order  to  produce  the  best  value  in  the 
shortest  time,  its  reaction  to  release  of  varying  degree,  and  the  com- 
pound interest  rate  with  which  it  grows  during  the  stages  of  its 
development.  In  recent  years  an  interest  in  these  matters  has  occurred 
through  the  work  of  Biolley  (1),  Mundt  (10),  Muus  (20),  and  others. 
It  is  strange,  however,  that  this  interest  has  not  taken  form  in  writing 
before,  since  as  early  as  1818  Reventlow  (25)  wrote  about  oak  and  beech 
in  Denmark  as  follows:  "It  must  be  assumed  that  the  rotation  of  oak 
should  be  determined  by  the  time  it  takes  to  produce  heavy  timbers 
providing  that  these  will  yield  favorable  prices.  The  owner  will  then 
be  fully  compensated  for  having  the  trees  beyond  the  time  when  the 
volume  increment  drops  below  4  per  cent  interest  compared  to  the 
volume  of  the  tree.  However,  for  beech  the  main  object  will  be  to 
grow  fire  wood.  Therefore,  the  rotation  should  be  determined  by  the 
time  at  which  the  annual  growth  be  less  profitable  than  the  interest  of 
the  capital  vested  in  the  tree." 
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Figure  63.    Percentage  weekly  basal  area  growth  of  hybrid  poplar. 

This  definition  and  direction  for  silvicultural  management  is  as 
modern  as  if  it  were  written  today.  In  order  to  conduct  profitable 
silvicultural  management,  the  compartments  and  area  units  cannot  yield 
a  profit  unless  the  individual  tree  yields  an  interest  rate  equal  to  the 
interest  that  could  be  obtained  on  other  capital  investments.  Not  until 
each  unit  yields  a  profit  will  the  whole  forest  produce  its  maximum 
interest  rate  on  the  invested  capital. 

In  a  former  publication  (14),  various  relationships  for  yellowpoplar 
were  presented,  such  as  total  height  and  age,  total  height  and  crown 
length,  total  height  and  crown  diameter,  total  height  and  diameter 
breast  height,  and  total  height  and  dear  length.  Besides  these,  ten 
years  basal  area  growth  lor  the  individual  tree  was  related  to  crown 
length  and  crown  diameter.  Finally,  a  tabic-  showing  the  compound 
interest  rate  ol  pet  iodic  growth  lor  various  diameters  breast  high  was 
constructed  Erom  the  lumbei  grades  sawed  from  logs  of  sample  trees 
whereby  the  value  ol  the  individual  tree  was  obtained.  The  total 
height,  rathei  than  age,  was  used  as  an  entry  to  all  curvilinear  relation- 
ships lor  the  dimensional  measurements  ol  the  tree,  since  the  age  is 
QOl  as  indicative  as  total  height  when  the  general  development  of  a 
tree  is  being  discussed.      Furthermore,   using  total   height   as  a    basis  will 

more  or  less  do  away  with   the   necessity  ol   taking   into  consideration 
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different  site  indices  for  the  growing  places  of  yellowpoplar.  From  a 
study  by  Miller  (21),  showing  the  growth  of  beech  on  five  different  site 
indices,  it  can  be  seen  that  for  the  same  total  he'ght,  the  diameter  breast 
high,  basal  area,  and  volume  are  almost  the  same  for  each  site  index  class. 

Since  it  is  possible  to  create  the  most  profitable  forms  of  yellow- 
poplar  by  releasing  their  crowns  and  since,  based  on  the  present  findings, 
these  releases  can  be  made  by  relatively  few  cuttings  effecting  more  or 
less  complete  releases  without  creating  unfavorable  growth  reactions, 
it  is  considered  of  interest  to  investigate  how  the  individual  tree  should 
be  formed  in  order  to  produce  the  highest  possible  interest  rate 
throughout  its  life.  In  the  Appalachian  region  the  most  favorable 
diameter  breast  high  for  logging  purposes  is  considered  to  be  between 
24  and  26  inches.  This  is  due  to  the  terrain  and  the  capacity  of  the 
average  saw  mill.  Such  trees  will  produce  a  large  amount  of  high-grade 
lumber.  Also,  their  size  will  be  more  favorable  in  logging  costs  per 
thousand  board  feet,  compared  to  both  smaller  and  larger  dimensions. 
Furthermore,  to  produce  these  dimensions  profitably,  the  individual 
tree  should  maintain  a  compound  interest  rate  throughout  its  life  of 
more  than  6  per  cent.  To  investigate  the  radial  growth  of  a  24-inch 
tree  growing  6  per  cent  compound  interest  per  year,  Table  2  from  an 
earlier  publication   (14)  is  used. 

In  Table  2  it  can  be  seen  that  if  a  24-inch  tree  is  to  produce  6  per 
cent  compound  interest,  it  will  have  to  have  a  radial  growth  of  about 
1 .8  inches  during  the  last  ten  years.  From  the  charts  available  in 
Profitable  Tree  Forms  of  Yellowpoplar  (14),  it  will  be  found  that  to 
have  such  a  growth  the  tree  will  have  to  have  a  crown  length  of  close 
to  70  feet,  which  for  a  total  height  of  100  feet  will  leave  two  16-foot 
logs  in  clear  length.  From  the  curve  giving  the  relationship  between 
crown  length  and  crown  diameter,  the  corresponding  crown  diameter 
was  found.  If  a  100-foot  tree  is  to  have  33  feet  of  clear  length,  it  is 
necessary  to  maintain  live  crown  above  33  feet  from  the  time  this  clear 
length  is  established.  From  the  curve  showing  the  relationship  between 
total  height  and  crown  length,  it  will  be  seen  that  at  a  total  height 
of  60  feet  the  crown  length  is  about  28  feet.  From  then  on  no  more 
clear  or  dead  length  should  be  established.  Therefore,  the  relationship 
between  total  height  and  crown  length  will  increase  from  this  time  on. 
This  is  shown  in  Figure  64.  Through  adequate  thinnings  such  a 
crown  length  can  be  developed. 

By  means  of  the  relationship  between  crown  length  and  basal 
area  growth  during  the  last  10  years,  it  is  now  possible  to  construct 
Table  3.  Starting  with  a  tree  40  feet  tall  that,  according  to  the 
relationship  between  total  height  and  d.b.h.,  has  a  diameter  of  7  inches 
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Figure  64.     Relationship  between  total  height  and  crown  length. 

and  which,  according  to  the  total  height  and  age  curve,  is  14  years  old, 
the  basal  area  growth  for  10  years  is  added  to  this  diameter.  This 
gives  the  d.b.h.  at  24  years.  From  this,  the  d.b.h.  for  a  tree  50  feet  tall 
and  19  years  old  is  found  to  be  8.5  inches.  Again,  the  basal  area 
growth  for  10  years,  based  on  the  corresponding  crown  length,  is  added 
to  the  diameter.  Through  this  the  d.b.h.  for  a  tree  60  feet  tall  and 
25  years  old  is  found.  The  calculations  for  the  total  heights  in  Table  3 
are  made  in  similar  ways. 

From  the  results  in  Table  3,  Figures  65  and  66  have  been  con- 
structed. They  show  the  development  of  the  single  tree  for  various 
total  heights.  It  will  be  seen  that  with  increasing  age  and  d.b.h,  there 
is  a  corresponding  decrease  in  the  compound  interest  rate.  At  a  total 
height  of  92  feet,  the  d.b.h  is  about  24  inches  and  the  compound  interest 
rate  is  6  per  cent.  These  curves  may  serve  as  a  guide  for  the  forest 
manager.  By  taking  a  few  simple  measurements,  he  will  know  if  the 
individual  trees  need  more  space  in  order  to  conform  with  the  rates  of ; 
development  shown  in  these  figures.  If  the  development  of  the  indi- 
vidual trees  can  be  made  according  to  these  figures,  he  will  know  that 
each  tree  is  returning  an  adequate  compound  interest  rate  on  the  | 
capital  in  form  of  value  invested  in  the  individual  tree. 
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'  Figure  65.     Dimensional  optimum  development  ol  yellowpoplar. 
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General  Conclusions 

As  was  mentioned  previously,  many  European  foresters  recommend 
light  but  frequent  thinnings.  In  Denmark,  where  the  forests  are 
managed  intensively,  foresters  advocate  that  seldom  should  more  than 
12  to  15  per  cent  of  the  volume  be  removed  during  any  thinning. 
Normally  such  thinnings  are  made  in  the  younger  stands,  with  three 
to  four-year  intervals.  In  the  older  stands  the  intervals  may  be  five  to 
seven  years.  Two  main  reasons  are  given  for  these  light  thinnings: 
CI)  if  heavier  cuttings  were  made,  the  trees  would  receive  a  shock  and 
stagnate  for  a  few  years;  and  (2)  the  soil  may  deteriorate  and  a  heavy 
matting  of  grass  will  cover  the  ground.  This  latter  occurrence  is 
mainly  due  to  the  rather  heavy  and  poorly  drained  soils. 

In  this  country,  light  and  frequent  thinnings  will  be  profitable 
only  where  the  markets  for  small-dimensioned  materials  are  exceptional 
and  where  the  forest  areas  are  exceedingly  accessible.  Generally,  light 
thinnings  with  three-year  or  four-year  intervals,  which  yield  little  volume 
per  acre,  will  not  make  profitable  operations.  The  alternative  has 
been  for  foresters  to  interest  owners  in  making  periodic  thinnings  with 
longer  intervals.  Such  cuttings  may  not  be  ideal  in  many  ways.  The 
most  serious  drawback  to  such  infrequent  thinnings  is  that  the  remaining 
trees  will  have  to  be  liberated  to  a  considerable  extent  if  they  are  not 
to  crowd  each  other  before  the  next  thinning.  A  crowded  position 
before  the  next  thinning  would  cause  the  lower  branches  to  die.  This 
would  increase  the  dead  length  and  cut  down  on  basal  area  growth. 
The  soil  deteriorating  effect  of  heavier  cuttings  does  not  seem  to  be  a 
serious  problem  in  this  country.  Herbaceous  vegetation  may  increase 
after  a  heavy  thinning,  but  a  heavy  grass  sod  is  seldom  established  in 
the  forest.  After  the  stand  closes  up,  this  vegetation  will  again  subside 
and  not  cause  any  ill  effect  on  the  soil  condition. 

As  a  general  directive  to  silvicultural  management  of  hardwood 
stands,  particularly  yellowpoplar  stands,  it  seems  reasonable  to  believe, 
according  to  the  findings  reported  above,  that  heavy  thinnings  will 
not  have  any  retarding  effect  on  this  species  but,  on  the  contrary,  cause 
an  increasing  amount  of  growth  on  basal  area  on  individual  stems 
corresponding  to  the  release.  Therefore,  it  is  possible  to  make  thinnings 
that  will  remove  between  30  and  40  per  cent  of  the  volume  in  each 
cutting.  Such  thinnings  will  increase  the  basal  area  growth  on  the 
remaining  trees  and  considerably  shorten  the  rotation  age  of  the  indi- 
vidual tree.  Furthermore,  such  thinnings  not  only  will  increase  the 
growth  on  the  remaining  trees,  but  also  will  develop  wood  with  highei 
specific  gravity  and  more  strength,  as  reported  by  Erickson  (9).  Thinning; 
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of  this  severity  might  have  to  be  done  only  at  eight-year  to  ten-year 
intervals  to  prevent  the  crowns  of  the  remaining  trees  from  interfering 
too  seriously  with  each  other  and  thereby  retard  the  diameter  growth. 
Such  thinnings  are  likely  to  be  made  in  many  parts  of  this  country, 
because  by  cutting  out  more  volume  than  would  be  done  through  more 
conservative  methods,  they  will  have  a  better  chance  to  produce  a 
profit  from  each  of  the  cuttings  wherever  there  are  markets  for  small- 
dimensioned  materials  such  as  pulpwood,  mine  props,  and  fire  wood. 


Summary 


Since  the  amount  of  material  removed  in  each  thinning  is  closely 
related  to  the  economics  of  such  an  operation,  and  since  foresters  marking 
for  thinning  are  constantly  confronted  with  the  question  of  how 
much  crop  trees  should  be  released,  this  experiment  was  established  to 
study  the  reaction  of  various  degrees  of  release  on  individual  remaining 
trees. 

A  micro-dendrometer  was  used  to  measure  weekly  radial  growth 
on  193  sample  trees  of  yellowpoplar  during  the  1949  and  1950  growing 
seasons.  During  the  dormant  season,  the  crowns  of  68  trees  were 
released  from  less  than  12.5  per  cent  to  more  than  75  per  cent.  A 
similar  release  was  made  for  67  trees  during  the  1950  growing  season 
alter  no  further  change  took  place  in  the  cell  structure  of  either  light 
or  shade  leaves.    Fifty-one  trees  were  maintained  as  controls. 

Through  these  investigations,  it  was  found  that  yellowpoplar  reacts 
favorable  to  release  of  the  crown,  varying  from  12.5  per  cent  to  more 
than  75  per  cent,  made  both  during  the  dormant  and  the  growing 
season. 

The  reaction  to  release  during  the  dormant  season  was  noticeable 
by  the  filth  or  sixth  week  of  the  growing  season.  The  increase  in  basal 
area  growth  corresponded  to  the  percentage  of  the  released  crown  surface. 

The  sample  trees  were  divided  into  the  conventional  crown  classes 
ol  dominant,  codominant,  and  intermediate.  No  retarding  effect  of  the 
sudden  and  drastic  release  ol  the  crown  was  found  for  any  ol  the 
<  rown  f  lasses. 

loi  the  same  percentage  (town  release,  ii  was  found  that  inter- 
mediate trees  would  show  a  greatei  percentage  increase  in  basal  area 
growth  than  codominanl  trees.  Codominani  trees  in  turn  would 
increase  more,  on  a  p<  rcentage  hasis,  on  basal  area  growth  than  dominanl 
trees  receiving  the  same  percentage  release  ol  the  <  towns. 

A  stem  analysis  was  made  ol  ;i  1 1  ee  released  9  years  ago.  A 
comparison  ol   the  form  ol   the  tree  9  years  before  release,  al   the  time 

73 


of  release,  and  9  years  after  release,  indicated  that  the  form  factor  had 
improved.  This  indicates  that  the  increased  basal  area  growth  also  may 
express  an  increase  in  volume. 

Using  analyses  of  the  results  obtained,  together  with  the  findings 
given  in  a  former  publication  (14),  recommendations  have  been  made 
for  growing  the  individual  tree  in  such  a  way  that  it  will  maintain  a 
compound  interest  rate  of  6  per  cent  until  it  has  reached  a  d.b.h.  of  24 
inches.  A  table  has  been  constructed  giving  dimensional  figures  for 
the  tree  during  its  different  stages  until  it  reaches  maturity. 

The  possibility  of  favorable  response  to  drastic  releases  of  crown 
surfaces  makes  it  possible  to  practice  intensive  management  on  young 
stands  that  are  not  able  to  produce  enough  volume  from  light  thinnings 
to  make  such  operations  profitable. 
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Appendix 


Basal  Area  in  Square  Feet 


D.B.H. 


.01 


I       I 
.03      .04     .05 


.06 


.07 


.08 


.09 


2.00 — 2.99  Inches  D.B.H. 


inches 
2.0 

.0219 

.0220 

.0223 

.0225 

.0227 

.0229 

.0231 

.0234 

.0236 

.0238 

2.1 

.0241 

.0243 

.0245 

.0247 

.0250 

.0252 

.0255 

.0257 

.0259 

.0262 

2.2 

.0264 

.0266 

.0269 

.0271 

.0274 

.0276 

.0279 

.0281 

.0284 

.0286 

2.3 

.0289 

.0291 

.0294 

.0296 

.0299 

.0301 

.0304 

.0306 

.0309 

.0312 

2.4 

.0314 

.0317 

.0319 

.0322 

.0325 

.0327 

.0330 

.0333 

.0336 

.0338 

2.5 

.0341 

.0344 

.0346 

.0349 

.0352 

.0355 

.0357 

.0360 

.0363 

.0366 

2.6 

.0369 

.0372 

.0374 

.0377 

.0380 

.0383 

.0386 

.0389 

.0392 

.0395 

2.7 

.0398 

.0401 

.0404 

.0407 

.0410 

.0413 

.0416 

.0419 

.0422 

.0425 

2.8 

.0428 

.0431 

.0434 

.0437 

.0440 

.0443 

.0446 

.0449 

.0452 

.0456 

2.9 

0459 

.0462 

.0465 

.0468 

.0471 

.0475 

.0478 

.0481 

.0484 

.0488 

3.00 — 3.99  Inches  D.B.H. 


3.0 

.0491 

.0494 

.0497 

.0501 

.0504 

.0507 

.0511 

.0514 

.0517 

.0521 

3.1 

.0524 

.0528 

.0531 

.0534 

.0538 

.0541 

.0545 

.0548 

.0552 

.0555 

3.2 

.0559 

.0562 

.0566 

.0569 

.0573 

.0576 

.0580 

.0583 

.0587 

.0590 

3.3 

.0594 

.0598 

.0601 

.0605 

.0608 

.0612 

.0616 

.0619 

.0623 

.0627 

3.  1 

.0631 

.0634 

0638 

.0642 

.0645 

.0649 

.0653 

.0657 

.0661 

.0664 

3.5 

.0668 

.0672 

.0676 

.0680 

.0684 

.0687 

.0691 

.0695 

.0699 

.0703 

3.6 

.0707 

.0711 

.0715 

.0719 

.0723 

.0727 

.0731 

.0735 

.0739 

.0743 

3.7 

.0747 

.0751 

.0755 

.0759 

.0763 

.0767 

.0771 

.0775 

.0779 

.0783 

3.8 

.0788 

.0792 

.0796 

.0800 

.0804 

.0808 

.0813 

.0817 

.0821 

.0825 

3.9 

iiS.'jn 

.0834 

.0838 

.0842 

.0847 

.0851 

.0855 

.0860 

.0864 

.0868 

4.00 — 4.99  Inches  D.B.H. 


I.o 

.0873 

.0877 

.0881 

HS.S6 

.0890 

.0895 

0899 

0904 

.0908 

0912 

4.1 

.0912 

.092] 

.oH20 

.0930 

.0935 

.0939 

0944 

.0948 

.0953 

095S 

4.2 

.0962 

.0067 

.0971 

.0976 

.0981 

.0985 

0990 

0995 

.0999 
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4.:>. 

.1008 

.1013 

.1018 

.1023 

.1027 

.1032 
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.1042 

.1046 

1051 

4.1 

L056 

.1061 

.1066 

,1070 

.1075 
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1085 

.1090 
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1  LOO 

4.5 

.1104 

i  L09 

.Mil 

.1  1  L9 

.1124 

.1129 

1134 

1  139 

.1144 

1149 

4.6 

.1154 

.1  L59 

.1 164 

.1169 

.117  1 

.1179 

1184 

1  L90 

.1195 

1200 

4.7 

.1205 
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.1215 
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.122.', 

.1231 

L236 

124  1 

,12  10 

1251 

4.8 

.1257 

.1262 

.12(17 

.1272 

.1278 

.1283 

1288 

1294 

.1299 

1304 

41i 

L310 

.  1  3 1  5 

.1320 

.1326 

,1331 

.1336 

1342 

L347 

.1353 

L358 

5  00  -5.99 

[NCHES 

D.B.H. 

5.0 

136) 

1369 

.1375 

.1380 

.1385 

.1391 

1397 
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.1408 
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5.1 

.1  11  'i 

.  1  4  2  1 

.1430 

i  135 

Jill 

.14  17 

1452 
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.1  101 

14  09 
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.1  181 

.1486 

,]  192 

.1498 
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L509 
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,1521 

L526 
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,1550 

,1555 

L561 

L507 

L573 
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15.85 
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.1590 
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,1608 
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,1620 
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.1638 

10  II 

L650 

.1656 

,1662 
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,1674 
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L692 
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5  T 
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.1778 
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.1791 
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L803 

181(1 
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5.8 
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.1848 

i.i 
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Basal  Area  in  Square  Feet 


I 

D.B.H. 

.00 

.01   1 

1 

.02 

.03 

1 
.04 

I 
.05   | 

1 

1 
.06 

1 

1 
.07   | 

1 

1 
.08   | 

1 

.09 

6.00 — 6.99  Inches 

D.B.H. 

inches 

6.0 

.1934 

.1970 

.1977 

.1983 

.1990 

.1296 

.2003 

.2010 

.2016 

.2023 

6.1 

.2020 

.2036 

.2043 

.2050 

.2056 

.2063 

.2070 

.2076 

.2083 

.2090 

6.2 

.2097 

.2103 

.2110 

.2117 

.2124 

.2131 

.2137 

.2144 

.2151 

.2158 

6.3 

.2165 

.2172 

.2179 

.2185 

.2192 

.2199 

.2206 

.2213 

.2220 

.2227 

6.4 

.2234 

.2241 

.2248 

.2250 

.2262 

.2269 

.2276 

.2283 

.2290 

.2297 

6.5 

.2304 

.2312 

.2319 

.2326 

.2333 

.2?40 

.2347 

.2354 

.2362 

.2369 

6.6 

.2376 

.2383 

.2390 

.2398 

.2405 

.2412 

.2419 

.2427 

.2434 

.2441 

6.7 

.2448 

.2456 

.2463 

.2470 

.2478 

.2485 

.2492 

.2550 

.2507 

.2515 

6.8 

.2522 

.2529 

.2537 

.2544 

.2552 

.2559 

.2567 

.2574 

.2582 

.2589 

6.9 

.2597 

.2604 

.2612 

.2619 

.2627 

.2635 

.2642 

.2650 

.2657 

.2665 

7.00 — 7.99  Inches 

D.B.H. 

7.0 

.2673 

.2680 

.2688 

.2696 

.2703 

.2711 

.2719 

.2726 

.2734 

.2742 

7.1 

.2749 

.2757 

.2765 

.2773 

.2781 

.278S 

.2796 

.2804 

.2812 

.2820 

7.2 

.2827 

.2835 

.2843 

.2851 

.2859 

.2867 

.2875 

.2883 

.2891 

.2897 

7.3 

.2907 

.2915 

.2923 

.2931 

.2939 

.2947 

.2955 

.2963 

.2971 

.2979 

7.4 

.2987 

.2995 

.3003 

.3011 

.3019 

.3027 

.3035 

.3044 

.3052 

.3060 

7.5 

.3068 

.3076 

.3084 

.3093 

.3101 

.3109 

.3117 

.3126 

.3134 

.3142 

7.6 

.3150 

.3159 

.3167 

.3175 

.3184 

.3192 

.3200 

.3209 

.3217 

.3225 

7.7 

.3234 

.3242 

.2251 

.3259 

.3268 

.3276 

.3842 

.T293 

.3301 

.3310 

7.8 

.3318 

.3327 

.3335 

.3344 

.3352 

.3361 

.3370 

.3378 

.3387 

.3395 

7.9 

.3404 

.3413 

.3421 

.3430 

.34  9 

.C447 

.3456 

.3465 

.3473 

.3482 

8.00 — 8.9 

3  Inches 

D  B.H. 

8.0 

.3491 

.3499 

.3508 

.3517 

.3526 

.3534 

.3543 

.3552 

.3561 

.3570 

8.1 

.3579 

.3587 

.3596 

.3605 

.3614 

.3623 

.3632 

.3641 

.3650 

.3658 

8.2 

.3667 

.3676 

.3685 

.3694 

.3703 

.3712 

.3721 

.3730 

.3739 

.3748 

8.3 

.3757 

.3766 

.3776 

.3785 

.3794 

.3803 

.3712 

.3821 

.3830 

.3839 

8.4 

.3849 

.3858 

.3867 

.3876 

.3885 

.3894 

.3904 

.3913 

.3922 

.3931 

8.5 

.3941 

.3950 

.3959 

.3968 

.3978 

.3987 

.3997 

.4006 

.4015 

.4025 

8.6 

.4034 

.4043 

.4053 

.4062 

.4072 

.4081 

.40C0 

.4100 

.4109 

.4119 

8.7 

.4128 

.4138 

.4147 

.4157 

.4166 

.4176 

.4185 

.4195 

.4205 

.4214 

8.8 

.4224 

.4233 

.4243 

.4253 

.4262 

.6272 

.4282 

.4291 

.4301 

.4311 

8.9 

.4320 

.4330 

.4340 

.4340 

.4359 

.4369 

.4379 

.4389 

.4398 

.4408 

9.00 — 9.99  Inches 

D.B.H. 

9.0 

.4418 

.442S 

.4438 

.4447 

.4457 

.4467 

.4477 

.4487 

.4497 

.4507 

9.1 

.4517 

.4527 

.4537 

.4546 

.4556 

.4566 

.4576 

.4586 

.4596 

.4606 

9.2 

.4616 

.4626 

.4637 

.4647 

.4657 

.4667 

.4677 

.4687 

.4697 

.4707 

9.3 

.4717 

.4728 

.4738 

.4748 

.4758 

.4768 

.4778 

.4789 

.4799 

.4809 

9.4 

.4819 

.4830 

.4840 

.4850 

.4860 

.4871 

.4881 

.4891 

.4902 

.4912 

9.5 

.4922 

.4933 

.4943 

.4954 

.4964 

.4974 

.4985 

.4995 

.5006 

.5016 

9.6 

.5027 

.5037 

.5048 

.5058 

.5069 

.5079 

.5090 

.5100 

.5111 

.5121 

9.7 

.5132 

.5142 

.5153 

.5164 

.5174 

.5185 

.5196 

.5206 

.5217 

.5228 

9.8 

.5238 

.5249 

.5260 

.5270 

.5281 

.5292 

.5303 

.5313 

.5324 

.5335 

9.9 

.5346 

.5356 

.5367 

.5378 

.5389 

.5400 

.5411 

.5422 

.5432 

.5443 
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Basal  Area  in  Square  Feet 


D.B.H. 


.00 


.01 


.08 


.09 


10.00 — 10.99   Inches   D.B.H. 


inches 

10.0 

.5454 

.5466 

.5477 

.5488 

.5499 

.5510 

.5520 

.5531 

.5542 

.5553 

10.1 

.5564 

.5575 

.5586 

.5597 

.5608 

.5620 

.5631 

.5641 

.5652 

.5664 

10.2 

.5675 

.5687 

.5698 

.5708 

.5720 

.5730 

.5742 

.5753 

.5765 

.5776 

10.3 

.5786 

.5799 

.5809 

.5820 

.5831 

.5842 

.5853 

.5866 

.5876 

.5886 

10.4 

.5899 

.5910 

.5921 

.5932 

.5944 

.5956 

.5967 

.5977 

.5990 

.6001 

10.5 

.6013 

.6023 

.6035 

.6047 

.6058 

.6070 

.6082 

.6093 

.6105 

.6117 

10.6 

.6128 

.6140 

.6151 

.6162 

.6174 

.6186 

.6198 

.6209 

.6220 

.6233 

10.7 

.6244 

.6257 

.6270 

.6282 

.6293 

.6305 

.6318 

.6328 

.6340 

.6352 

10.8 

.6362 

.6376 

.6386 

.6398 

.6409 

.6420 

.6433 

.6445 

.6456 

.6468 

10.9 

.6480 

.6492 

.6503 

.6515 

.6528 

.6539 

.6551 

.6562 

.6575 

.6586 

11.00 — 11. 


Inches  D.B.H. 


11.0 

.6600 

.6612 

.6626 

.6637 

.6648 

.6660 

.6671 

.6683 

.6695 

.6707 

11.1 

.6720 

.6731 

.6743 

.6755 

.6768 

.6780 

.6792 

.6803 

.6816 

.6828 

11.2 

.6841 

.6853 

.6866 

.6879 

.6890 

.6901 

.6915 

.6927 

.6940 

.6951 

11.3 

.6964 

.6876 

.6990 

.7002 

.7013 

.7026 

.7039 

.7050 

.7062 

.7075 

11.4 

.7088 

.7099 

.7111 

.7123 

.7137 

.7149 

.7161 

.7173 

.7187 

.7200 

11.5 

.7213 

.7224 

.7236 

.7249 

.7262 

.7275 

.7287 

.7300 

.7313 

.7325 

11.6 

.7339 

.7350 

.7363 

.7377 

.7389 

.7401 

.7413 

.7427 

.7439 

.7451 

11.7 

.7466 

.7477 

.7490 

.7503 

.7515 

.7528 

.7541 

.7554 

.7567 

.7579 

11.8 

.7594 

.7606 

.7619 

.7633 

.7646 

.7659 

.7671 

.7684 

.7692 

.7710 

11.9 

.7723 

.7736 

.7749 

.7762 

.7774 

.7789 

.7800 

.7814 

.7828 

.7840 

12.00 — 12. 


Inches  D.B.H. 


12.0 

.7854 

.7869 

.7881 

.7894 

.7907 

.7920 

.7933 

.7947 

.7960 

.7972 

12.1 

.7985 

.8000 

.8013 

.8027 

.8040 

.8051 

.8067 

.8079 

.8092 

.8105 

12.2 

.8118 

.8130 

.8143 

.8157 

.8170 

.8185 

.8199 

.8210 

.8224 

.8237 

12.3 

.8252 

.8264 

.8278 

.8292 

.8305 

.8319 

.8331 

.8344 

.8358 

.8370 

12.4 

.8386 

.8400 

.8413 

.8427 

.8440 

.8453 

.8469 

.8481 

.8495 

.8509 

12.5 

.8522 

.8536 

.8550 

.8563 

.8577 

.8590 

.8603 

.8617 

.8630 

.8644 

12.6 

.8659 

.8671 

.8686 

.8700 

.8714 

.8727 

.8740 

.8754 

.8768 

.8781 

12.7 

.8797 

.8810 

.8824 

.8838 

.8852 

.8865 

.8880 

.8893 

.8907 

.8920 

12.8 

.8936 

.8950 

.8963 

.8977 

.8990 

.9005 

.9019 

.9033 

.9048 

.9061 

12.  9 

.9076 

.9090 

.901  1 

.91  19 

.9132 

.9147 

.9160 

.9173 

.9189 

.9204 

13.00—13.99   Inches  D.B.H. 


L3.0 

.9217 

.0231 

.9210 

.9200 

.9274 

9288 

.9303 

9317 

.9331 

9::  15 

L3  1 

.9360 

.0374 

.0388 

,9403 

.9117 

.943] 

.9446 

94(10 

.9474 

.9489 

13.2 

.0503 

,0517 

,9532 

.9540 

,3563 

.9575 

.9590 

960  I 

9  019 

.9633 

13.3 

.0648 

0662 

.9077 

.9091 

.9706 

.9720 

.9735 

97  19 

.970  1 

.9779 

1 3  1 

9703 

.9808 

.9822 

,9837 

.9852 

.9800 

.988  1 

9896 

.9910 

.9925 

13.5 

.0040 

.9955 

990! 

.9984 

.9999 

LOO]  I 

1. U028    1 

0043 

1.0058 

L.0073 

1.0088 

1.0103 

I.ol  17 

I  0132 

L.0147 

L.0162 

1. u177   1 

0192 

1.0207 

L0222 

1 3  7 

1.0237 

L.0252 

L.0267 

1.0281 

L.0296 

I  03]  I 

L.0326   1 

034  l 

1.0356 

L.0372 

I  0387 

1.0402 

1.04  17 

L.0432 

I.ol  17 

L.O  162 

L.0477   1 

0  192 

L  0  50  7 

L.0523 

L.0538 

I  055  1 

L.0583 

I.OOM 

L0629   1 

064  1 

L.0659 

1.007:. 
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D.B.H. 

.00 

.01 

.02 

1 

.03 

.04 

.05 

.06 

1 

.07 

1 
.08 

1 

.09 

14.00 — 14.99  Inches  D.B.H. 

inches 

14.0 

1.0690 

1.0705 

1.0720 

1.0736 

1.0751 

1.0766 

1.0782 

1.0797 

1.0812 

1.0828 

14.1 

1.0843 

1.0858 

1.0S74 

1.0889 

1.0905 

1.0920 

1.0936 

1.0951 

1.0966 

1.0982 

14.2 

1.0997 

1.1013 

1.1028 

1.1044 

1.1060 

1.1075 

1.1091 

1.1106 

1.1122 

1.1137 

14.3 

1.1153 

1.1168 

1.1184 

1.1200 

1.1215 

1.1231 

1.1247 

1.1262 

1.1278 

1.1294 

14.4 

1.1309 

1.1325 

1.1341 

1.1357 

1.1372 

1.1388 

1.1404 

1.1420 

1.1435 

1.1451 

14.5 

1.1467 

1.1483 

1.1499 

1.1515 

1.1530 

1.1546 

1.1562 

1.1578 

1.1594 

1.1610 

14.6 

1.1626 

1.1642 

1.1658 

1.1674 

1.1690 

1.1706 

1.1722 

1.1737 

1.1753 

1.1770 

14.7 

1.1786 

1.1802 

1.1818 

1.1834 

1.1850 

1.1866 

1.1882 

1.1898 

1.1914 

1.1930 

14.8 

1.1946 

1.1963 

1.1979 

1.1995 

1.2011 

1.2027 

1.2043 

1.2060 

1.2076 

1.2092 

14.9 

1.2108 

1.2125 

1.2141 

1.2157 

1.2174 

1.2190 

1.2206 

1.2222 

1.2239 

1.2255 

15.00 — 15.99  Inches  D.B.H. 

15.0 

1.2272 

1.2288 

1.2304 

1.2321 

1.2331 

1.2353 

1.2370 

1.2386 

1.2403 

1.2419 

15.1 

1.2436 

1.2452 

1.2469 

1.2485 

1.2502 

1.2518 

1.2535 

1.2551 

1.2568 

1.2584 

15.2 

1.2601 

1.2618 

1.2634 

1.2651 

1.2667 

1.2684 

1.2701 

1.2717 

1.2734 

1.2751 

15.3 

1.2767 

1.2784 

1.2801 

1.2817 

1.2834 

1.2851 

1.2867 

1.2884 

1.2901 

1.2918 

15.4 

1.2935 

1.2952 

1.2968 

1.2995 

1.3002 

1.3019 

1.3036 

1.3053 

1.3069 

1.3086 

15.5 

1.3103 

1.3120 

1.3137 

1.3154 

1.3171 

1.3188 

1.3205 

1.3222 

1.3239 

1.3256 

15.6 

1.3273 

1.3290 

1.3307 

1.3324 

1.3341 

1.3358 

1.3375 

1.3392 

1.3409 

1.3426 

15.7 

1.3444 

1.3461 

1.3478 

1.3495 

1.3512 

1.3529 

1.3547 

1.3564 

1.3581 

1.3598 

15.8 

1.3615 

1.3633 

1.3650 

1.3667 

1.3684 

1.3702 

1.3719 

1.3736 

1.3754 

1,3771 

15.9 

1.3788 

1.3806 

1.3823 

1.3840 

1.3858 

1.3875 

1.3893 

1.3910 

1.3927 

1.3945 

16.00 — 16.99  Inches  D.B.H. 

16.0 

1.3962 

1.3980 

1.3997 

1.4015 

1.4032 

1.4050 

1.4067 

1.4085 

1.4102 

1.4120 

16.1 

1.4137 

1.4155 

1.4172 

1.4190 

1.4205 

1.4225 

1.4243 

1.4261 

1.4278 

1.4296 

16.2 

1.4313 

1.4331 

1.4349 

1.4367 

1.4384 

1.4402 

1.4420 

1.4437 

1.4455 

1.4473 

16.3 

1.4491 

1.4509 

1.4526 

1.4544 

1.4562 

1.4580 

1.4598 

1.4615 

1.4633 

1.4651 

16.4 

1.4669 

1.4687 

1.4705 

1.4723 

1.4741 

1.4759 

1.4777 

1.4795 

1.4813 

1.4832 

16.5 

1.4849 

1.4867 

1.4885 

1.4903 

1.4921 

1.4939 

1.4957 

1.4975 

1.4993 

1.5011 

16.6 

1.5029 

1.5047 

1.5065 

1.5083 

1.5102 

1.5120 

1.5138 

1.5156 

1.5174 

1.5192 

16.7 

1.5211 

1.5229 

1.5247 

1.5265 

1.5284 

1.5302 

1.5320 

1.5338 

1.5357 

1.5377 

16.8 

1.5393 

1.5412 

1.5430 

1.5448 

1.5467 

1.5485 

1.5504 

1.5522 

1.5540 

1.5559 

16.9 

1.5577 

1.5596 

1.5614 

1.5633 

1.5651 

1.5669 

1.5688 

1.5706 

1.5725 

1.5744 

17.00 — 17.99  Inches  D.B.H. 

17.0 

1.5762 

1.5781 

1.5800 

1.5818 

1.5836 

1.5855 

1.5874 

1.5892 

1.5911 

1.5929 

17.1 

1.5948 

1.5967 

1.5985 

1.6004 

1.6023 

1.6041 

1.6060 

1.6079 

1.6098 

1.6116 

17.2 

1.6135 

1.6154 

1.6173 

1.6191 

1.6210 

1.6229 

1.6248 

1.6267 

1.6286 

1.6304 

17.3 

1.6323 

1.6342 

1.6361 

1.6380 

1.6399 

1.6418 

1.6437 

1.6456 

1.6475 

1.6494 

17.4 

1.6513 

1.6531 

1.6550 

1.6570 

1.6589 

1.6608 

1.6627 

1.6646 

1.6665 

1.6689 

17.5 

1.6703 

1.6722 

1.6741 

1.6760 

1.6780 

1.679.8 

1.6818 

1.6837 

1.6856 

1.6875 

17.6 

1.6894 

1.6914 

1.6933 

1.6952 

1.6979 

1.6990 

1.7010 

1.7029 

1.7048 

1.7068 

17.7 

1.7087 

1.7106 

1.7125 

1.7145 

1.7164 

1.7184 

1.7203 

1.7222 

1.7242 

1.7261 

17.8 

1.7280 

1.7300 

1.7319 

1.7339 

1.7358 

1.7378 

1.7397 

1.7417 

1.7436 

1.7456 

17.9 

1.7475 

1.7495 

1.7514 

1.7534 

1.7553 

1.7573 

1.7593 

1.7612 

1.7631 

1.7651 
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D.B.H. 

.00 

.01 

.02 

.03 

.04 

1 
.05 

.06 

.07 

1 
.08 

1 

.09 

18.00 — 18.99  Inches  D.B.H. 

inches 

18.0 

1.7671 

1.7691 

1.7710 

1.7730 

1.7750 

1.7769 

1.7789 

1.7809 

1.7828 

1.7848 

18.1 

1.7868 

1.7888 

1.7908 

1.7927 

1.7G47 

1.7967 

1.7987 

1.8006 

1.8026 

1.8046 

18.2 

1.8066 

1.8086 

1.8106 

1.8125 

1.8145 

1.8165 

1.8185 

1.8205 

1.8225 

1.8245 

18.3 

1.8265 

1.8285 

1.8305 

1.8325 

1.8345 

1.8365 

1.8385 

1.8405 

1.8425 

1.8445 

18.4 

1.8465 

1.8485 

1.8505 

1.8525 

1.8545 

1.8566 

1.8586 

1.8606 

1.8626 

1.8646 

18.5 

1.8666 

1.8686 

1.8707 

1.8727 

1.8747 

1.8767 

1.8788 

1.8808 

1.8828 

1.8848 

18.6 

1.8869 

1.8889 

1.8909 

1.8930 

1.8950 

1.8970 

1.8991 

1.9011 

1.9031 

1.9052 

18.7 

1.9072 

1.9092 

1.9113 

1.9133 

1.9154 

1.9174 

1.9195 

1.9215 

1.9236 

1.9256 

18.8 

1.9277 

1.9297 

1.9318 

1.9338 

1.9359 

1.9379 

1.9400 

1.9420 

1.9441 

1.9462 

18.9 

1.9482 

1.9503 

1.9523 

1.9544 

1.9565 

1.9585 

1.9606 

1.9S27 

1.9647 

1.9669 

19.00 — 19.99  Inches  D.B.H. 

19.0 

1.9689 

1.9710 

1.9730 

1.9751 

1.9772 

1.9793 

1.9814 

1.9833 

1.9855 

1.9876 

19.1 

1.9897 

1.9918 

1.9938 

1.9959 

1.9980 

2.0001 

2.0022 

2.0043 

2.0064 

2.0085 

19.2 

2.0106 

2.0127 

2.0418 

2.0169 

2.0190 

2.0211 

2.0232 

2.0253 

2.0273 

2.0295 

19.3 

2.0316 

2.0337 

2.0358 

2.0379 

2.0400 

2.0421 

2.0442 

2.0463 

2.0484 

2.0506 

19.4 

2.0527 

2.0548 

2.0569 

2.0590 

2.0611 

2.0633 

2.0654 

2.0675 

2.0696 

2.0718 

19.5 

2.0739 

2.0760 

2.0781 

2.0803 

2.0824 

2.0845 

2.0867 

2.0888 

2.0909 

2.0931 

19.6 

2.0952 

2.0973 

2.0995 

2.1016 

2.1038 

2.1059 

2.1081 

2.1102 

2.1123 

2.1145 

19.7 

2.1166 

2.1188 

2.1209 

2.1231 

2.1252 

2.1274 

2.1296 

2.1317 

2.1339 

2.1360 

19.8 

2.1382 

2.1403 

2.1425 

2.1447 

2.1468 

2.1490 

2.1512 

2.1533 

2.1555 

2.1577 

19.9 

2.1598 

2.1620 

2.1642 

2.1668 

2.1685 

2.1707 

2.1729 

2.1751 

2.1772 

2.1794 

20.00 — 20.99  Inches  D.B.H. 

20.0 

2.1816 

2.1838 

2.1860 

2.1882 

2.1903 

2.1925 

2.1947 

2.1969 

2.1991 

2.2013 

20.1 

2.2035 

2.2057 

2.2079 

2.2101 

2.2123 

2.2144 

2.2166 

2.2188 

2.2210 

2.2232 

20.2 

2.2255 

2.2277 

2.2299 

2.2321 

2.2343 

2.2365 

2.2387 

2.2409 

2.2431 

2.2453 

20.3 

2.2475 

2.2498 

2.2520 

2.2542 

2.2564 

2.2586 

2.2608 

2.2631 

2.2653 

2.2675 

21.4 

2.4977 

2.5000 

2.5024 

2.5047 

2.5071 

2.5C94 

2.5117 

2.5141 

2.5164 

2.5188 

2.2920 

2.2943 

2.2C65 

2.2988 

2.3010 

2.3032 

2.3055 

2.3077 

2.3100 

2.3122 

2.3145 

2.3167 

2.3190 

2.3212 

2.3235 

2.3257 

2.3280 

2.3302 

2.3325 

2.3347 

•J". 7 

2.3370 

2.3392 

2.3415 

2.3438 

2.3460 

2.3483 

2.3506 

2.3528 

2.3551 

2.3573 

2.3596 

2.3619 

2.3642 

2.3664 

2.3687 

2.3709 

2.3733 

2.3755 

2.3778 

2.3801 

2.3824 

2.384S 

2.3869 

j  ::s92 

2.3915 

2.3938 

2.3961 

2.3983 

2.4006 

2.4029 

zl.oo—21.9!!  Inches  D.B.H. 

21  0 

2  )".->.: 

_'  I'M.". 

J  MUX 

2  1121 

2.1144 

2  1  K',7 

2.4190 

2  1213 

2.4236 

2.4259 

L'l  I 

2.4282 

2.4305 

2.  1328 

2.  t351 

2.4374 

2.4397 

2.4  I2ii 

2.4  1  13 

2.4466 

2.4489 

.'1  2 

2  1512 

2.4536 

2.4559 

! 

2.4605 

2.4628 

2.  1651 

2.4675 

2.4698 

2.4721 

21  3 

2. 17  11 

2. 17<;7 

2.4791 

2.  ISM 

2.  IS. '',7 

2.4861 

2  ISS4 

2.4907 

2.4930 

2.4954 

2.4877 

2.5 

2.5024 

2  5047 

2.5071 

2.5094 

2.51  17 

2.5141 

2.5164 

2.5188 

21  5 

2.521  1 

_'..".  -i  35 

2.5258 

2.5282 

2.5305 

2.5328 

2.5352 

2.5376 

2.5399 

2.5423 

2.54  !•; 

2  5470 

2  541  3 

2.5517 

2.5540 

2.5564 

2.5588 

2.561  l 

2.5635 

2.5659 

21  7 

_'  5706 

2.5730 

2,.'7.r.:: 

2.5777 

2.5801 

2.5825 

2.5848 

2.5877 

2.5896 

21  • 

_•  5943 

2.5967 

2.5991 

2.6015 

2.6039 

2.6062 

2.6086 

2.61  l" 

2.6134 

2  6182 

2.6206 

2.6230 

2.6254 

2.6278 

2  6301 

2  6325 

2.6349 

2.6373 

HI 


Basal  Area  in  Square  Feet 


D.B.H. 

.00 

.01 

.02 

.03 

.04 
i 

.05 

.06 

1 

.07 

! 

.08 

1 

.09 

22.00 — 22.99  Inches  D.B.H. 

inches 

22.0 

2.6397 

2.6421 

2.6445 

2.6469 

2.6493 

2.6519 

2.6542 

2.6566 

2.6590 

2.6614 

22.1 

2.6638 

2.6662 

2.6686 

2.6710 

2.6734 

2.6759 

2.6783 

2.6807 

2.6831 

2.6855 

22.2 

2.6879 

2.6904 

2.6928 

2.6952 

2.6976 

2.7001 

2.7025 

2.7049 

2.7074 

2.7098 

22.3 

2.7122 

2.7147 

2.7171 

2.7195 

2.7220 

2.7244 

2.7268 

2.7293 

2.7317 

2.7342 

22.4 

2.7366 

2.7383 

2.7415 

2.7439 

2.7464 

2.7488 

2.7513 

2.7537 

2.7562 

2.7586 

22.5 

2.7611 

2.7635 

2.7660 

2.7685 

2.7709 

2.7734 

2.7758 

2.7783 

2.7807 

2.7832 

22.6 

2.7857 

2.7881 

2.7906 

2.7931 

2.7956 

2.7980 

2.8005 

2.8030 

2.8054 

2.8079 

22.7 

2.8104 

2.8129 

2.8153 

2.8178 

2.8203 

2.8228 

2.8253 

2.8278 

2.8302 

2.8327 

22.8 

2.8352 

2.8377 

2.8402 

2.8427 

2.8452 

2.8477 

2.8502 

2.8526 

2.8551 

2.8576 

22.9 

2.8601 

2.8626 

2.8651 

2.8676 

2.8701 

2.8726 

2.8751 

2.8776 

2.8801 

2.8827 

23.00 — 23.99  Inches  D.B.H. 

23.0 

2.8852 

2.8877 

2.8902 

2.8927 

2.8952 

2.8977 

2.9002 

2.9028 

2.9053 

2.9078 

23.1 

2.9103 

2.9128 

2.9153 

2.9179 

2.9204 

2.9229 

2.9254 

2.9280 

2.9305 

2.9330 

23.2 

2.9356 

2.9381 

2.9406 

2.9432 

2.9457 

2.9482 

2.9508 

2.9533 

2.9558 

2.9584 

23.3 

2.9609 

2.9635 

2.9660 

2.9686 

2.9711 

2.9736 

2.9762 

2.9787 

2.9813 

2.9838 

23.4 

2.9864 

2.9889 

2.9915 

2.9941 

2.9966 

2.9992 

3.0017 

3.0043 

3.0069 

3.0094 

23.5 

3.0120 

3.0145 

3.0171 

3.0197 

3.0222 

3.0248 

3.0274 

3.0299 

3.0325 

3.0351 

23.6 

3.0377 

3.0402 

3.0428 

3.0454 

3.0480 

3.0505 

3.0531 

3.0557 

3.0583 

3.0609 

23.7 

3.0635 

3.0660 

3.0686 

3.0712 

3.0738 

3.0764 

3.0790 

3.0816 

3.0842 

3.0868 

23.8 

3.0894 

3.0920 

3.0946 

3.0972 

3.0998 

3.1024 

3.1050 

3.1076 

3.1102 

3.1128 

23.9 

3.1154 

3.1180 

3.1206 

3.1232 

3.1258 

3.1284 

3.1310 

3.1337 

3.1363 

3.1389 

24.00 — 24.99  Inches  D.B.H. 

24.0 

3.1415 

3.1441 

3.1467 

3.1494 

3.1520 

3.1546 

3.1572 

3.1599 

3.1625 

3.1651 

24.1 

3.1677 

3.1704 

3.1730 

3.1756 

3.1783 

3.1809 

3.1835 

3.1862 

3.1888 

3.1914 

24.2 

3.1941 

3.1967 

3.1994 

3.2020 

3.2047 

3.2072 

3.2099 

3.2126 

3.2152 

3.2179 

24.3 

3.2205 

3.2233 

3.2258 

3.2285 

3.2311 

3.2338 

3.2365 

3.2395 

3.2418 

3.2444 

24.4 

3.2471 

3.2498 

3.2524 

3.2551 

3.2577 

3.2604 

3.2631 

3.2657 

3.2684 

3.2711 

24.5 

3.2738 

3.2764 

3.2791 

3.2818 

3.2839 

3.2871 

3.2898 

3.2925 

3.2952 

3.2979 

24.6 

3.3005 

3.3032 

3.3059 

3.3086 

3.3113 

3.3140 

3.3167 

3.3194 

3.3220 

3.3247 

24.7 

3.3274 

3.3301 

3.3328 

3.3355 

3.3382 

3.3409 

3.3436 

3.3463 

3.3490 

3.3517 

24.8 

3.3544 

3.3571 

3.3598 

3.3625 

3.3653 

3.3680 

3.3707 

3.3734 

3.3761 

3.3788 

24.9 

3.3815 

3.3843 

3.3869 

3.3897 

3.3924 

3.3951 

3.3978 

3.4006 

3.4033 

3.4060 

25.00 — 25.99  Inches  D.B.H. 

25.0 

3.4087 

3.4105 

3.4142 

3.4169 

3.4192 

3.4224 

3.4251 

3.4279 

3.4306 

3.4333 

25.1 

3.4361 

3.4388 

3.4416 

3.4443 

3.4470 

3.4498 

3.4525 

3.4553 

3.4580 

3.4608 

25.2 

3.4635 

3.4663 

3.4690 

3.4718 

3.4745 

3.4773 

3.4800 

3.4828 

3.4855 

3.4883 

25.3 

3.4911 

3.4938 

3.4966 

3.4993 

3.5021 

3.5049 

3.5076 

3.5104 

3.5132 

3.5159 

25.4 

3.5187 

3.5215 

3.5242 

3.5270 

3.5298 

3.5326 

3.5353 

3.5381 

3.5409 

3.5437 

25.5 

3.5465 

3.5492 

3.5520 

3.5548 

3.5576 

3.5604 

3.5632 

3.5660 

3.5687 

3.5715 

25.6 

3.5743 

3.5771 

3.5799 

3.5827 

3.5855 

3.5883 

3.5911 

3.5939 

3.5967 

3.5995 

25.7 

3.6023 

3.6051 

3.6079 

3.6107 

3.6135 

3.6163 

3.6192 

3.6220 

3.6248 

3.6276 

25.8 

3.6304 

3.6332 

3.6360 

3.6388 

3.6417 

3.6444 

3.6473 

3.6501 

3.6529 

3.6558 

25.9 

3.6586 

3.6614 

3.6642 

3.6671 

3.6699 

3.6727 

3.6756 

3.6784 

3.6812 

3.6841 

82 


Basal  Area  in  Square  Feet 


d.b.h. 

.00 

.01 

1 

.02 

.03 

.04 

1       1 
.05   1 

1 

.06 

.07 

.08 

.09 

26.00 — 26.99  Inches  D.B.H. 

inches 

26.0 

3.6869 

3.6897 

3.6926 

3.6954 

3.6983 

3.7011 

3.7039 

3.7068 

3.7096 

3.7125 

26.1 

3.7153 

3.7182 

3.7210 

3.7239 

3.7267 

3.7296 

3.7324 

3.7353 

3.7381 

3.7410 

26.2 

3.7438 

3.7467 

3.7496 

3.7524 

3.7553 

3.7581 

3.7610 

3.7639 

3.7668 

3.7696 

26.3 

3.7725 

3.7753 

3.7782 

3.7811 

3.7840 

3.7868 

3.7897 

3.7926 

3.7955 

3.7983 

26.4 

3.8012 

3.8041 

3.8070 

3.8099 

3.8127 

3.8156 

3.8185 

3.8214 

3.8243 

3.8272 

26.5 

3.8301 

3.8330 

3.8359 

3.8387 

3.8416 

3.8445 

3.8474 

3.8503 

3.8532 

3.8561 

26.6 

3.8590 

3.8619 

3.8648 

3.8677 

3.8706 

3.8736 

3.8765 

3.8794 

3.8823 

3.8852 

26.7 

3.8881 

3.8910 

3.8939 

3.8968 

3.8998 

3.9027 

3.9056 

3.9085 

3.9114 

3.9144 

26.8 

3.9173 

3.9202 

3.9231 

3.9261 

3.9290 

3.9319 

3.9348 

3.9378 

3.9407 

3.9436 

26.9 

3.9466 

3.9495 

3.9524 

3.9554 

3.9583 

3.9613 

3.9642 

3.9671 

3.9701 

3.9730 

27.00 — 27.99  Inches  D.B.H. 

27.0 

3.9760 

3.9789 

3.9819 

3.9848 

3.9878 

3.9907 

3.9937 

3.9966 

3.9996 

4.0025 

27.1 

4.0055 

4.0084 

4.0114 

4.0143 

4.0173 

4.0203 

4.0232 

4.0262 

4.0292 

4.0321 

27.2 

4.0351 

4.0381 

4.0410 

4.0440 

4.0470 

4.0499 

4.0529 

4.0559 

4.0589 

4.0618 

i'7.:j. 

4.0648 

4,0678 

4.0708 

4.0738 

4.0767 

4.0797 

4.0827 

4.0857 

4.0887 

4.0917 

.•7.4 

4.0946 

4.0976 

4.1006 

4.1036 

4.1066 

4.1096 

4.1126 

4.1156 

4.1186 

4.1216 

27.5 

4.1246 

4.1276 

4.1306 

4.1336 

4.1366 

4.1396 

4.1426 

4.1456 

4.1486 

4,1516 

27.6 

4.1546 

4.1576 

4.1607 

4.1637 

4.1667 

4.1697 

4.1727 

4.1757 

4.1788 

4.1818 

27.7 

4.1848 

4.1878 

4.1908 

4.1939 

4.1969 

4.1999 

4.2030 

4.2060 

4.2090 

4.2120 

27.8 

4.2151 

4.2181 

4.2211 

4.2242 

4.2272 

4.2302 

4.2333 

4.2363 

4.2394 

4.2424 

27  9 

4.2464 

4.2485 

4.2515 

4.2546 

4.2576 

4.2607 

4.2637 

4.2668 

4.2698 

4.2729 

